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REMOTE  SENSIN'i  LABORATORY 


ABSTRACT 


The  purpc’se  of  this  report  is  to  present  the  validation  of  the 
Point  Scattering  Radar  Image  Simulation  Model  and  its  software  Imple- 
mentations developed  at  RSL  (Remote  Sensing  Laboratory,  University  of 
Kansas,  Lawrence,  Kansas).  The  work  was  sponsored  by  ETL  (Engineer 
Topographic  Laboratories,  U.  S.  Army,  fort  Belvolr,  Virginia).  Two 
different  Instances  of  model  validation  are  reported.  First  is  vali- 
dation of  both  SLAR  (Side-Looking  Airborne  Radar)  and  PPI  (Plan-Position 
indicator)  radar  simulation  models  by  comparison  of  simulations  to  real 
Images  (of  exactly  the  same  ground  swath)  having  the  same  look  direction 
and  other  flight  parameters.  Second  is  a quantitative  validation  of  a 
PPI  model  specialized  to  making  reference  scenes  for  a terminal  guidance 
system  (using  the  Corre latron”) . 

The  results  obtained  have  shown  the  simulated  radar  Images  to  be 
accurate  representations  of  the  ground  scenes  at  the  microwave  frequencies 
they  modeled.  The  comparisons  were  shown  to  be  very  favorable.  Prelim- 
inary results  of  the  guidance  test  have  been  very  satisfactory. 

Data  base  construction  techniques  are  also  discussed.  Alternate  in- 
put intelligence  data  sources  (high-resolution  aerial  photographs,  maps, 
infra-red)  for  feature  extraction  are  reviewed.  A conceptual  design  for 
an  interactive  feature  extraction  system  is  discussed. 


*Correlatron  is  the  name  of  a two-dimensional  cross-correlation  measuring 
device  manufactured  by  Goodyear  Aero-^pace.  The  ETL  has  a Correiatron  In- 
stalled in  a test  configuration. 
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This  document  was  prepared  by  the  Kansas  Simulation  Group,  Remote 
Sensing  Laboratory  (RSL),  The  University  of  Kansas,  Lawrence,  Kansas,  to 
report  the  results  of  a Radar  Simulation  Study  performed  under  Contract 
0AAG53"76-C-015**.  dated  15  May  1976,  with  the  Engineer  Topographic  Labor- 
atories (ETL),  Fort  Belvoir,  Virginia.  This  Radar  Simulation  Study  was 
performed  to  validate  the  point  scattering  radar  image  simulation  model 
which  had  been  developed  previously,  tn  Investigate  terrain  feature  ex- 
traction techniques  for  constructing  category  data  bases  (digital  ground 
model)  for  radar  Image  simulation,  and  to  use  the  point  scattering  radar 
Image  simulation  model  to  generate  radar  reference  scenes  for  terminal 
guidance  applications. 

The  work  and  saivices  to  be  provided  under  this  contract  were  organ- 
i7ed  Into  two  separate  tasks.  A summary  of  these  tasks,  collecting  and 
grouping  actIviLlos  according  to  their  relationships  to  these  tasks,  would 
be: 

Task  1 - Simulation  Systems  Approach 

The  point  scattering  radar  image  simulation  model  will  be 
used  to  generate  simulations  of  a test  site  centered  around 
the  Pickwick  Landing  Dam  located  in  Tennessee.  The  pur- 
pose of  these  simulations  will  be  to  validate  the  simula- 
tion technique  which  has  been  developed.  The  subtasks  to 
be  performed  under  this  task  are: 

(I)  Perform  a study  to  validate  the  point  scattering 
radar  Image  simulation  model  for  Side-Looking  Air- 
borne Radar  (SLAR)  applications  by  making  SLAR  simu- 
lations of  the  Pickwick  test  site.  The  data  base  of 
Pickwick  for  the  simulation  (Subtask  (3))  Is  to  be 
made  only  from  maps  and  optical  Imagery.  After  the 
SLAR  simulation  Is  complete.  It  will  be  compared  to 
original  furnished  radar  imagery  and  differences  will 
be  analyzed. 
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(2)  Perform  a study  to  validate  the  point  scattering 
radar  image  simulation  model  for  Plan-Position  Indicator 
(PPl)  radar  applications  by  making  PPI  simulations  of  the 
Pickwick  test  site.  The  data  base  to  use  is  the  one 
constructed  in  Subtask  (3),  below.  The  PPI  simulation 
model  will  be  developed  using  a polar  coordinate  scan  so 
that  PPI  radar  simulations  can  be  made  in  the  correct 
geometry.  After  the  PPI  simulation  Is  complete,  It  will 
be  compared  to  the  SLAR  simulations  produced  In  (1),  above 
and  differences  will  be  analyzed.  This  approach  is  being 
used  because  real  PPI  Imagery  of  the  Pickwick  site  is  not 
aval lable. 

(3)  Construct  data  bases  of  the  Pickwick  Landing  Dam 
Lest  site  for  model  validation.  The  appropriate  planl- 
metric  terrain  features  will  be  extracted  from  optical 
photography  and  maps.  Investigations  will  be  conducted 

to  develop  automated  terrain  feature  extraction  techniques. 
The  man  hours  for  this  feature  extraction  process  will  be 
recorded  for  comparing  human  photo  Interpretation  methods 
for  the  same  area  when  interactive  data  base  construction 
techniques  become  available.  Using  digital  elevation  data 
and  the  planimetry  extracted  from  photos  only,  a digital 
data  base  will  be  produced. 

Task  2 - Advanced  Simulation  Methods 

The  point  scattering  radar  image  simulation  model  will  be  applied 
to  generate  reference  scenes  of  a test  site  centered  around  the 
Pickwick  Landing  Dam  located  in  Tennessee  for  testing  by  the 
Correlatron*  for  terminal  guidance  applications.  The  purpose 


*Correlatron  is  the  name  of  a two-dimensional  cross-correlation  measuring 
device  manufactured  by  Goodyear  Aerospace.  The  ETL  has  a Correlatron  In- 
stalled In  a test  configuration. 
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of  these  reference  scenes  will  be  to  evaluate  the  simulation 
technique  for  reference  scene  generation  and  to  measure  quan- 
titatively the  simulation  results.  The  subtasks  to  be  per- 
formed under  this  task  are: 

(1)  Produce  PPI  radar  reference  scenes  appropriate  for 
terminal  guidance.  The  final  product  wili  be  digital 
tapes  of  the  reference  scene  simulations. 

(2)  Construct  data  base  of  the  Pickwick  Landing  Dam 
test  site  for  terminal  guidance  studies.  The  appropri- 
ate planimetric  terrain  features  wiil  be  extracted  from 
optical  photography  and  maps.  The  man  hours  for  this 
feature  extraction  process  will  be  recorded,  comparing 
photo  Interpretation  methods  with  interactive  automated 
methods  for  the  same  area  when  such  methods  become  avail- 
able. Using  digital  elevation  data  and  the  planimetry 
extracted  from  photos  only,  a digital  data  base  will  be 
produced.  Repeat  the  process  using  existing  radar  Ima- 
gery, maps,  and  digital  elevation  tapes. 

Obviously,  the  work  and  services  to  be  performed  under  this  contract 
were  very  extensive,  spanning  many  disciplines,  and  drawing  upon  the  know- 
ledge and  experience  of  geographers,  electrical  engineers,  botanists,  and 
computer  scientists.  To  report  these  diverse  activities  In  a coherent 
fashion  is  difficult.  The  format  of  this  document  has  been  designed  to 
simplify,  as  much  as  possible,  reporting  this  work. 

The  document  Is  divided  into  two  volumes  to  reduce  the  bulk  that  must 
be  handled  at  any  one  time.  Volume  I reports  the  work  and  results  with 
technical  details  deferred  to  the  appendices.  Volume  II  Is  a collection 
of  appendices  containing  the  individual  technical  details  of  the  work  re- 
ported In  the  first  volume.  In  addition  to  reducing  the  hulk  which  must 
be  handled,  dividing  the  document  into  two  volumes  adds  flexibility;  It 
is  easier  to  turn  to  the  appropriate  appendix  In  Volume  II  for  technical 
details  while  keeping  the  work  and  results  desciiptlon  open  for  reference 
in  Vo  I ume  I . 
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The  organization  of  Volume  I is  structured  around  the  basic  work 
being  reported.  As  can  be  seen  in  the  summary  of  the  work  and  services 
specified  under  this  contract,  there  are  listed  two  tasks  and  five  sub- 
tasks. Upon  Inspectio",  It  can  be  seen  that  the  five  subtasks  are  reaiiy 
only  four  different  activities:  (i)  SLAR  Validation;  (2)  PPl  Validation; 
(3)  Reference  Scene  Generation;  (4)  Data  Base  Construct lon/Feature  Ex- 
traction Techniques.  Volume  I is  organized  according  to  these  major  activ- 
ities. The  format  i'*'  Volume  I and  the  relationships  of  each  section  to 
the  appropriate  subtask  of  the  work  and  services  is  as  follows: 


Document 

Sect  inn 

Description  of  Work  and  Results 

Statement  of  Work 
Task  - Subtask 

1 

Introduction  and  summary  of  results 

All 

2 

SLAR  Val Idation 

1 

1 

3 

PPl  Validation 

1 

2 

k 

Terminal  Guidance  Applications 

2 

1 

5 

Data  Base  Construction/Feature 

Extraction  Techniques 

u 

2/ 

Volume 

II  has  a simple  organizational  plan. 

It  Is 

an  alphabet  leal 

listing  of  the  appendices  required  to  support  the  work  and  results  report- 
ed in  Volume  I.  These  appendices  represent  the  technical  Information 
necessary  to  support  the  discussions  of  work  and  results  in  Volume  1. 

There  are  fourteen  appendices  provided  In  Volume  II  as  follows: 


Append  I x 

Technical 
Report  No. 

Title 

Date 

A 

TR 

319-1 

"Construction  of  a Geometric  Data  Base 
for  Radar  Image  Simulation  Studies" 

July, 

1976 

B 

TR 

319-2 

"Baseline  of  Planlmetrlc  Data  Base 
Construction:  Pickwick  Site" 

July, 

1976 

C 

TR 

319-3 

"Digital  Elevation  Data  Base  Construction; 
Pickwick  Site" 

July, 

1976 

0 

TR 

319-^4 

"Digitization  of  Pickwick  Site  Data  Base" 

February,  1977 

E 

TR 

319-21 

"Increased  Resolution  of  Planimetric  Data 
Base:  Pickwick  Site" 

March, 

1977 

F 

TR 

319-5 

"Medium  Resolution  Digital  Ground  Truth 
Data  Base" 

August 

. 1977 

f! 

I| 


G 

TR 

319-7 

"Backscatter  Data  for  the  Diqital  Radar 
Image  Simulatlnn  of  the  Pickwick,  Ala- 
bama Site" 

February,  1977 

H 

TR 

319-9 

"Medium  Resolution  Radar  Image  Simulation 
of  Deciduous  Forests:  A Study  of  Candi- 
date Techniques" 

August 

, 1977 

1 

TR 

319-8 

"Digital  Model  for  Radar  Image  Simula- 
tion and  Results" 

August 

, 1976 

J 

TR 

319-19 

"Digital  PPI  Model  for  Radar  Image  Simu- 
lation and  Resul ts" 

August,  1977 

K 

TR 

319-15 

"Ini/estlgatlon  of  an  Interactive  Approuch 
for  Radar  Image  Simulation" 

March , 

1977 

L 

TR 

319-24 

"Automated  Techniques  In  Feature  Extraction"  June 

, 1977 

M 

TR 

319-25 

"Interactive  Feature  Extraction  System 
Framework" 

June , 

1977 

N 

TR 

319-26 

"Image  Handling  and  Processing" 

June , 

1977 
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The  purpose  of  this  document  is  to  report  the  results  of  a Radar 
Slmuiation  Study  conducted  by  the  RSL  (Remote  Sensing  Laboratory,  Uni- 
versity of  Kansas)  under  contract  with  ETL  (Engineer  Topographic 
Laboratories,  United  States  Army,  Fort  Belvoir,  Virginia).  The  Radar 
Simulation  Study  was  performed  to  test  the  Point  Scattering  Radar 
Image  Simulation  Model  developed  and  reported  In  previous  work^'^. 

The  Point  Scattering  Model  was  applied  to  three  specific  problems  in 
this  study,  and  the  work  performed  and  results  obtained  are  reported 
in  this  document.  The  three  specific  applications  tested  In  this 
study  are:  (1)  SLAR  (Side-Looking  Airborne  Radar)  Model  Validation; 

(2)  PPI  (Plan-Position  Indicator)  Radar  Model  Validation;  (3)  Terminal 
Guidance  Applications.  In  addition  to  the  implementation  and  testing 
of  these  three  applications  of  the  simulation  model,  much  effort  was 
expended  in  peripheral  activities  required  to  support  the  main  efforts. 
Principal  of  these  was  data  base  construction  with  emphasis  on  feature 
extraction  methods  and  techniques.  As  these  activities  are  of  critical 
Importance  to  successful  Implementation  of  radar  simulation  models  and 
to  successful  utilization  of  these  models,  the  purpose  of  this  docu- 
ment is  extended  to  report  these  support  activities,  also. 
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Holtzman,  J.  C. , V.  H.  Kaupp,  R.  L.  Martin,  E.  E.  Komp,  and  V.  S. 
Frost,  "Radar  Image  Simulation  Project:  Development  of  a General 
Simulation  Model  and  Interactive  Simulation  Model,  and  Sample 
Results,"  TR  234-13,  Remote  Sensing  Laboratory,  The  University  of 
Kansas,  February,  1976. 

2 

Holtzn:an,  J.  C.,  V.  H.  Kaupp,  and  J.  L.  Abbott,  "Radar  Image  Sim- 
ulation Project,"  TR  234-15,  Remote  Sensing  Laboratory,  The  Univer- 
sity of  Kansas,  September,  1976. 
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SCOPE 


The  scope  of  the  work  performed  in  this  Radar  Simulation  Study  was 
limited  to  testing  the  Poi  nt  Scatter Ing  Radar  Image  Simulation  Model 
against  one  specific  area.  The  three  applications  (SLAR,  PPI,  and 
Terminal  Guidance)  of  «.he  simulation  model  were  each  tested  against 
this  one  area.  The  area  selected  for  this  test  of  the  simulation  model 
was  the  topographic  region  in  the  states  of  Tennessee,  Alabama,  and 
Mississippi,  centered  on  the  northwest  corner  of  the  powerhouse  at  the 
Pickwick  Landing  Dam,  Tennessee.  The  SLAR  and  PPI  validation  work  was 
limited  to  forming  a sequence  of  radar  image  simulations  from  two  differ- 
ent look  directions  of  selected  subregions  of  the  Pickwick  test  site 
and  comparing  these  simulated  radar  Images  to  real  Images  (of  the  same 
regions)  having  the  same  look  directions.  The  terminal  guidance  work 
was  limited  to  producing  reference  scenes  of  the  Pickwick  site  from 
one  altitude  for  running  on  the  Correlatron.  The  data  base  construction/ 
feature  extraction  work  was  limited  to  preparation  of  two  data  bases 
of  the  Pickwick  site:  (1)  Data  base  for  SLAR  and  PPI  validation  work, 

(2)  Data  base  for  Terminal  Guidance  work. 


ACorrelatron  Is  the  name  of  a two-dimensional  cross-correlation  measuring 
device  manufactured  by  Goodyear  Aerospace,  The  ETL  has  a Correlatron  in- 
stalled In  a test  configuration. 


EXECMT IVE  SUMMARY 

The  Point  Scatterinq  Model  (PSM)  for  radar  simulation  developed  at 
RSL  (Remote  Sensing  Laboratory,  University  of  Kansas,  Lawrence,  Kansas) 
has  been  applied  to  three  different  problems  for  testing  and  validating. 

The  results  of  applying  PSM  to  these  three  problems  and  testing  the  ap- 
plications are  reported  In  this  document.  This  document  begins  with  an 
overview  of  radar  simulation  where  the  problem  of  simulation  Is  dis- 
cussed. In  the  Introduction  section  (1.0)  the  work  performed  (1,2)  and 
the  results  obtained  (1.3)  are  summarized  and,  In  addition,  some  signifi- 
cant qualifications,  limitations,  and  constraints  of  the  model  (1.4)  are 
discussed.  In  the  next  three  (3)  sections  the  simulation  work  performed 
for  each  of  the  three  (3)  differet.t  simulation  problems  Is  reported;  SLAR 
simulation  and  validation  (section  2.0),  PPI  simulation  and  validation 
(section  3.0),  and  reference  scene  simulation  (section  4.0).  The  PSM  Is 
a digital  approach  to  radar  simulation.  A prime  requisite  of  the  PSM  Is 
a digital  symbolic  model  of  the  ground  (ground  truth  data  base)  of  the 
target  area  for  which  ''adar  simulations  are  desired,  The  work  performed 
In  constructing  the  ground  truth  data  baoes  used  for  the  simulation  tasks 
reported  In  this  document  Is  described  In  Section  (5.0).  Section  6.0  con- 
tains the  conclusions  reached  In  the  course  of  performing  this  work  and 
section  7-0  contains  a number  of  recommendations,  both  long  range  and  short 
range  goals,  which  are  a natural  outgrowth  of  this  work. 

The  radar  simulation  work  and  validations  performed  fall  into  two 
different  classes.  The  first  class  Is  qualitative  and  the  second  Is 
quantitative.  The  SLAR  and  PPI  simulation  and  validation  vjork  (sections 
2.0  and  3.0)  Is  qualitative.  The  results  produced  for  this  class  show 
the  geometric  fidelity,  textural  consistency,  and  relative  graytone  ac- 
curacy of  simulated  images  to  be  excellent  by  comparison  to  real  images 
of  the  same  scenes.  These  comparisons  were  performed  for  simulations 
represent inq  two  different  look  directions  of  areas  representing  approxi- 
mately 36  square  miles,  each.  The  Implications  of  these  qualitative 
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results  are  that  not  only  are  the  PSM  and  Its  software  implementation 
verified,  but  also  the  ground  truth  data  bases  and  associated  elevation 
data,  feature  cateoorizations,  and  microwave  reflectivity  data  are  ver- 
ified. The  reference  scene  simulation  work  (section  4.0)  Is  quantita- 
tive and,  thus,  belongs  to  the  second  class.  Five  reference  scenes  were 
produced  in  support  of  a terminal  guidance  test  employing  the  Correlatron, 
an  area  cross-correlation  guidance  device.  The  complete  results  are  not 
yet  available;  however,  preliminary  Indications  are  that  the  reference 
scenes  produced  met  or  surpassed  requirements.  Since  this  test  Involved 
using  the  Correlatron  to  measure  the  quality  of  reference  scenes  as  com- 
pared to  actual  radar  data  of  the  same  sites.  It  represents  a quantita- 
tive measure.  Not  only  do  the  simulations  look  good  when  compared  to 
real  Images  of  the  same  site,  but  also  they  are  faithful  enough  to  the 
true  characteristics  of  a radar  imago  of  a given  scene  that  an  electronic 
"black  box",  the  Correlatron,  can  use  them  to  derive  accurate  guidance 
Informat  Ion. 

Two  different  ground  truth  data  bases  were  constructed  to  evaluate 
alternate  kinds  of  Source  Intel  1 Igenc«'  data  from  which  to  make  data 
bases  in  support  of  simulation.  One  data  base  was  constructed  using 
high-resolution  aerial  photographs  and  maps  as  the  source  Intelligence 
data  for  feature  extraction.  The  other  was  built  using  maps  and  aerial 
photographs  for  the  geometry  of  a scene  and  radar  imagery  for  feature 
extraction.  Construction  time  was  recorded  for  both  data  bases.  It 
was  found  that  construction  time  did  not  vary  appreciably  as  a conse- 
quence of  using  the  two  different  intelligence  data  sources. 

As  a natural  consequence  of  building  ground  truth  data  bases  for 
simulations,  feature  extraction  techniques  were  evaluated  and  It  was 
co.,Jectured  that  construction  time  and,  perhaps,  final  data  base  qiiailty 
can  be  Improved  by  the  use  of  suitable  Interactive  feature  extraction 
techniques.  A simplistic  Interactive  feature  extraction  concept  was 
reported. 

In  conclusion,  the  results  produced  under  this  contract  clearly 
verify  the  validity  of  the  PSM  for  radar  image  simulation,  its  software 
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Implementations,  the  ground  truth  data  bases  produced  and  feature 
extraction  techniques  used,  and  the  microwave  reflectivity  data 
(empirical  a°)  used.  They  also  demonstrate  the  versatility  and  utility 
of  the  PSM  by,  in  particular,  thn  spectacular  results  from  applying 
PSM  to  a "real-world"  application,  terminal  guidance.  The  work  per- 
formed and  results  produced  clearly  suggest  that  radar  Image  simulation 
has  become  a viable  tool  and  is  ready  for  application  to  many  different 
present  and  future  applications. 


xH 


Table  of  Contents 
Volume  1 ETL  TR-0117 


ABSTRACT 

PREFACE 

PURPOSE 

SCOPE 

EXECUTIVE  SUMMARY 

TABLE  OF  CONTENTS 

LIST  OF  FIGURES 
LIST  OF  TABLES 
LIST  OF  PROGRAMS 

RADAR  IMAGE  SIMULATION:  AN  OVERVIEW 

I.  Radar  Systems 

II,  Refinement  of  the  Radar  Mode)  for  Simulation:  The  Grey tone 
Equation 

III.  Radar  Simulation 

1.0  SUMMARY  AND  RESULTS 

1.1  Introduction 

1 .2  Summary  of  Work 

1.2.1  Summary  of  Work  - SLAR  Validation 

1.2.2  Summary  of  Work  - PPI  Validation 

1.2.3  Summary  of  Work  * Terrain  Guidance  Applications 

1.2. k  Construct  Ion  of  Data  Bases/Feature  Extraction  Techniques 

1.3  Summary  of  Results 

1.3.1  Summary  of  Results  - SLAR  Validation 

1.3.2  Summary  of  Results  - PPI  Validation 

1.3.3  Summary  of  Results  - Reference  Scene  Simulation 

1.3.  A Summary  of  Results  - Data  Base  Construction/Feature 

Extraction 

1.4  Qualifications,  Limitations,  and  Constraints  of  Model 
1.4.1.  Validity  of  the  Radar  Equation  for  Simulation 

1.4. 1.1  Return  Power  Model 

1.4. 1.2  Resolution  Cell  Size 

1.4. 1.3  Resolution  Cell  Size:  Alternate  Method 


x1H 


\A.2  Validity  of  Differential  Scattering  Cross-Section 

Concept  5^ 

1.4.2. 1 Explanation  of  Empirical  o'*  Data  54 

1.4. 2. 2 Applications  of  Empirical  to  Distributed 

Targets  57 

1.4. 2. 3 Accuracy  of  Empirical  0°  Data  59 

1.4.3  Validity  of  the  Data  Base  Concept  61 

1.4.4  Validity  of  the  Radar  Receiver  Model  64 

2.0  SLAR  SIMULATION  AND  VALIDATION  67 

2.1  Work  Plan  67 

2.2  SLAR  Validation  Data  Base  70 

2.3  SLAR  Simulation  Model  71 

2.4  Microwave  Reflectivity  Data  74 

2.5  SLAR  Validation  Scenes  77 

2.6  Results  77 

2.7  Conclusions  84 

3.0  PPI  SIMULATION  AND  VALIDATION  86 

3.1  Work  Plan  89 

3.2  Data  Base  for  Simulations  9) 

3.3  PPI  Simulation  Model  92 

3.4  Terrain  Return  Data  94 

3.5  Simulated  Radar  Image  Formation  96 

3.6  Results  and  Validation  97 

4.0  REFERENCE  SCENE  SIMULATION:  QUANTITATIVE  TEST  105 

4.1  Work  Plan 

4.2  Reference  Scene  Data  Base  ll4 

4.3  Reference  Scone  Simulation  Model  115 

4.4  Terrain  Return  Data  124 

4.5  Reference  Scene  Formation  126 

4.6  Results:  Reference  Scenes  129 

5.0  CONSTRUCTION  OF  DATA  BASES/FEATURE  EXTRACTION  TECHNIQUES  I3I 

5.1  Background  and  Description  I3I 

5.1.1  Data  Base  Definition  131 

5.1.2  Background  136 

5.2  Description  of  Pickwick  Data  Bases  139 

5.2.1  Reference  Scene  Data  Base  139 

xlv 


6.0 


7.0 


5.2.2  Model  Validation  Data  Base 
5.3  Source  Intell tgence  Analysts 

5.3.1  Optical  Intelligence  Data 

5.3.2  Radar  Intelligence  Data 

5.3.3  Source  Data  Analysis  Results 
5. A Interactive  Feature  Extraction 

5. A. I Background 

5. A. 2 Combining  the  Computer  and  the  Human 
5. A. 3 Use  of  System  In  Data  Base  Update 
5. A. A General  Specifications 

5. A. 5 Rationale  for  Interactive  Data  Base  Construction 
5.A.6  An  Interactive  Feature  Extraction  System;  A Design 
Concept 

5. A. 7 Conclusions  and  Recommendations 
CONCLUSIONS 


6.1  Reference  Scene  Generation 

6.2  SLAR  and  PPI  Validation 

6.3  Data  Bases 

6. A Optimal  Choice  of  Source  Intelligence  for  Data  Bate 
Construction 

6.5  Interactive  Feature  Extraction 

6.6  Beckscatter  Data 

6.7  Related  Areas  of  Application 


RECOMMENDATIONS 
7.1  Long  Range  Goals 

7.1.1  Operational  Implementation  for  Image  Simulation 

7.1.2  Interactive  Feature  Extraction 

7.1.3  Microwave  Reflectivity  Catalog 

7.1. A Advanced  Modeling;  Distributed  Targets 

7.1.5  Advanced  Modeling:  Cultural  Targets 

7.1.6  Temporal  (Seasonal)  Changes 

7.1.7  Terminal  Studies  and  Future  Guidance  Systems 

7.1.8  Image  Quality  Measurements  for  General  Application 

7.1.9  Sensitivity  Analysis 


7.K)0  Data  Compression  Techniques  )8o 

7.1.11  Theoretical  Models  180 

7.1.12  Real  and  Near  Real  Time  Simulation  Updating  )8l 

7.1.13  Further  Development  of  Radar  image  Simulation 

Applications  182 

7.1.11*  Other  Sensor  Systems  182 

7.2  Short  Term  Goals  183 

7.2.1  Terminal  Guidance  Studies  I83 

7.2. 1.1  Seasonal  Variations  186 

7.2. 1.2  Alternate  Approach  to  Model  Ground  Return  I88 

7.2. 1.3  Step-Wise  Resolution  Degradation  Study  189 

7.2.  1.1*  Parameter  Optimization  Study  190 

7.2. 1.5  Evaluate  Guidance  Concepts  192 

7.2.1. .6  Field  Reference  Scene  Update  I91* 

7.2. 1.7  Reference  Scene  Technology  Evaluation  195 

7.2. 1.8  Development  of  the  Area  Spatial  Filtering  Technique 

for  PPI  195 

7.2.2  Data  Base  Studies  198  ‘ 

7.2.2. 1 Interactive  Feature  Extraction  197 

7. 2. 2. 2 Rapid  Data  Base  Update  I98  ' 

7.2. 2. 3 Data  Compression  Techniques  igg 

7. 2. 2.1*  Source  Intelligence  Analysis  I99 

7.2.3  Simulation  Problems  200 

7. 2. 3. 1 Comprehensive  Compilation  of  Backscatter  Data  200 

7. 2. 3. 2 Evaluate  "Optical''  Simulation  Technique  201 

7. 2. 3. 3 Hybrid  Radar  Simulation  Study  201 

7. 2. 3.1*  Evaluate  Digital  Filtering  Techniques  for 

"Optical"  Simulation  202 

7.2.1*  Extending  the  Simulation  Frontiers  203 

7.2.1*.  1 Application  of  Simulation  Technology  203 

7. 2.1*. 2 Receiver  Transfer  Function  205 

7.2.1*.  3 Automatic  Gain  Control  (AGC)  Effects  205 

7.2.1*.l*  Synthetic  Aperture  Radar  (SAR)  Image  Simulation  Model 

206 

ABBREVIATIONS  AND  ACRONYMS  207 

REFERENCES  208 


xv1 


Table  of  Contents 
Volume  I I ETL  TR-01 18 


ABSTRACT 

1 1 

PREFACE 

III 

PURPOSE 

Vl  1 1 

SCOPE 

lx 

TABLE  OF  CONTENTS 

X 

LIST  OF  FIGURES 

xl  X 

LIST  OF  TABLES 

xl  1 

COMPUTER  PROGRAMS 

xxl  1 

APPENDIX  A:  "Construction  of  a Geometric  Data  Base  for  Radar 

Image  Simu- 

latlon  Studies, "(TR  3I9"1),  E.  Komp,  V.  Kaupp  and 
July,  1976. 

J.  Holtzman. 

ABSTRACT 

A-2 

INTRODUCTION 

A- 3 

METHODOLOGY 

A- 8 

FLOW  CHART 

A'lO 

APPENDIX  Bi  "Baseline  of  Planimetrlc  Data  Base  Construction! 

Pickwick  Stti 

(TR  319*2),  E.  Davison,  V.  Kaupp  and  J.  Holtzman. 

July,  1976. 

ABSTRACT 

B>2 

INTRODUCTION 

B-3 

SITE  DESCRIPTION 

B-k 

INPUT  DATA  SOURCES 

B-5 

FEATURE  EXTRACTION 

B-9 

BASELINE  CONSTRUCTION 

B-12 

APPENDIX  C:  "Dtqltal  Elevation  Data  Base  Construction!  Pickwick  Sit**." 

(TR  319*3),  M.  McNeil,  V.  Kaupp  and  J.  Holtzman. 

July,  1976. 

ABSTRACT 

C-2 

INTRODUCTION 

C-3 

SITE  DESCRIPTION 

C-5 

INPUT  DATA  SOURCE 

C-5 

ELEVATION  DATA  MERGE 

C-1 1 

VERIFICATION 

C-13 

TIME  AND  RESOURCES  USED 

c-lk 

CONCLUSIONS 

c-lk 

XV  1 1 


APPENDIX  D:  "Digitization  of  Ptckwtck  Site  Data  Base,"  (TR  319-4), 

M.  McNeil,  E.  Davison,  V.  H.  Kaupp  and  J.  C.  Holtzman. 

February,  1977- 

ABSTRACT  D-2 

INTRODUCilON  D-3 

SITE  DESCRIPTION  D-4 

PLANIMETRY  VALIDATION  D-4 

DIGITIZATION  OF  PLANIMETRY  D-5 

PROBLEMS  D-15 

VALUE  OF  THE  FINISHED  PRODUCT  D-16 

APPENDIX  Ei  "Increased  Resolution  of  Planlmetrlc  Data  Base;  Pickwick  Site," 

(TR  319“21),  E.  Davison,  V.  H.  Kaupp,  and  J.  C,  Holtzman. 

March,  1977- 

ABSTRACT  E-2 

INTRODUCTION  E-3 

2.0  SITE  DESCRIPTION  ^ E-6 

2.1  Planimetry  Categories  E-7 

2.2  Input  Data  Sources  E-7 

2.3  Feature  Extraction  Techniques  E-8 

3.0  CONCLUSION  £.]) 

APPENDIX  F;  "Medium  Resolution  Digital  Ground  Truth  Data  Base:  Pickwick 
Site,"  (TR  319-5),  E.  Komp,  M.  McNeil,  V.  H.  Kaupp,  and  J.  C. 
Holtzman.  August,  1977- 

ABSTRACT  F-2 

INTRODUCTION  F-3 

DATA  PROCESSING  PHILOSOPHY  F-4 

DIGITAL  DATA  MATRIX  CONSTRUCTION  F-IO 

DATA  MATRIX  QUALITY  VERIFICATION  F-25 

CULTURAL  TARGETS  F-26 

MERGE  OF  ELEVATION  DATA  WITH  RADAR  CATEGORY  DATA  F-27 

APPENDIX  G;  "Backscatter  Data  for  Digital  Radar  Image  Simulations,"  (TR  3I9”7), 
J.  L.  Abbott,  R.  L.  Martin,  V.  H.  Kaupp,  and  J.  C.  Holtzman. 
February,  1977- 

ABSTRACT  G-2 

1.0  INTRODUCTION  G-3 


xvl  1 i 


2.0  DIELECTRIC  BEHAVIOR  g.j 

2.1  Extension  of  Sigma  Zero  Data  Q.g 

Soil 

Cultivated  Vegetation  q.|^ 

Gravel,  Sand,  Grass 

2.2  Target  Classification  (5_)2 

3.0  PICKWICK  CATEGORIES  q.,3 

k.O  RESULTS  Q.|g 

5.0  CONCLUSIONS 

BACKSCATTER  DATA  (TR  319-7)  G-20 

APPENDIX  H;  "Medium  Resolution  Radar  Image  Simulation  of  Deciduous  Forests; 

A Study  of  Candidate  Techniques,"  (TR  319-9),  J.  L.  Abbott, 

V.  H.  Kaupp  and  J.  C.  Holtzman.  August,  1977. 

ABSTRACT  H.2 

1.0  INTRODUCTION 

2.0  ANALYSIS  OF  SIMULATED  FOREST  REGIONS 

3.0  RESULTS  H-6 

4.0  CONCLUSIONS 

APPENDI X I ; "Digital  Model  for  Radar  Image  Simulation  and  Results," 

(TR  319-8),  R,  L.  Martin,  J.  L.  Abbott,  M.  McNeil,  V.  H.  Kaupp, 
J.  C.  Holtzman.  August,  1976. 

ABSTRACT  |.2 

1.0  INTRODUCTION  I-3 

2.0  RADAR  IMAGE  SIMULATION  THEORY  |-6 

3.0  SLAR  SIMULATION  PROCESS  I-]/* 

3.1  Input  Parameters  I-I5 

3.2  Data  Base  l-]5 

4.0  DIGITAL  SLAR  SIMULATION  RESULTS  |-20 

5.0  CONCLUSIONS  AND  RECOMMENDATIONS  1-29 

APPENDIX  Ji  "Digital  PPI  Model  for  Radar  Image  Simulation  and  Results," 

(TR  319-19),  E.  Komp,  V.  H.  Kaupp  and  J.  C.  Holtzman.  August, 

1977. 

ABSTRACT  J.2 

1.0  INTRODUCTION  j.3 

2.0  RADAR  SIMULATION  THEORY  j-i, 

Xl  K 


3.0  PPI 

SIMULATION  PROCESS 

J-7 

3. 1 

Creation  of  Polar  Data  Base 

J-7 

3.1.1 

Ground  Truth  Data  Base 

J-8 

3.1  .2 

Radar  Input  Parameters 

J-8 

3.1.3 

Program  Execution 

J-9 

3.2 

Greytone  Calculation 

J-10 

3.2.1 

Calculation  of  Resolution  Cell  Size 

J“12 

3.2.2 

Calculation  of  Local  Angle  of  Incidence 

J-13 

3.2.3 

Shadow 

J-13 

3.2.  A 

Layover 

J-17 

3.2.5 

Backscatter  Date 

J-18 

3.2.6 

Summary  of  Greytone  Calculation 

J-18 

3.3 

Formation  of  Output  Image 

J-18 

1(.0  SOFTWARE 

IMPLEMENTATION  OF  PPI  SIMULATION  MODEL 

J-20 

^.1  Application  of  PPI  Simulation  Implementation  to  Terminal  Guidance  j-21 

APPENDIX  K;  "Investigation  of  an  Interactive  Approach  for  Radar  Image 
Simulation,"  (TR  319-15),  V.  S.  Frost,  J.  L.  Abbott,  V.  H. 


Kaupp,  and  J.  C.  Holtzman.  March,  1977. 

ABSTRACT  K-2 

1.0  BACKGROUND  K-3 

2.0  THE  INTERACTIVE  FEATURE  EXTRACTION  CAPABILITIES  K-6 

3.0  THE  INTERACTIVE  CONCEPT  K-tl 

A.O  CONCLUSIONS  K-12 

APPENDIX  L:  "Automated  Techniques  in  Feature  Extraction,"  (TR  319"2lt), 

M.  McNeil,  V.  H.  Kaupp  and  J.  C.  Holtzman.  March,  1977. 

ABSTRACT  L-2 

1.0  INTRODUCTION  L-3 

2.0  TEMPLATE  MATCHING  L'S 

3.0  EDGE  DETECTION  L-7 

k.Q  CLUSTERING  AND  REGION  FINDING  L-'O 

5.0  TRACKING  AND  CONTOUR  FOLLOWING  L-i2 

6.0  REPRESENTATION  OF  THE  EXTRACTED  FEATURES  L-13 

7.0  CONCLUSIONS  AND  RECOMMENDATIONS  L-IA 


APPENDIX  Mi  "Interactive  Feature  Extraction  System  Framework,"  TR  3I9“25, 

M.  McNeil,  V.  H.  Kaupp  and  J.  C.  Holtzman.  March,  1977- 

ABSTRACT  M-2 

1.0  MOTIVATION  M-3 

2.0  GENERAL  REQUIREMENTS  M-5 

3.0  INPUT  M-6 

A.O  OUTPUT  M-8 

5.0  PHYSICAL  REQUIREMENTS  M-9 

6.0  SUBSYSTEM  M-IO 

7.0  SYSTEM  BREAKDOWN  M-Il. 

8.0  CONCLUSIONS  M-13 

APPENDIX  N;  "Image  Handling  and  Processing,"  (TR  319-26),  M.  McNeil, 

V.  H.  Kaupp  and  J.  C.  Holtzman.  March,  1977. 

ABSTRACT  N-2 

1.0  INTRODUCTION  N-3 

2.0  IMAGE  STORATE  N-4 

2.1  Physical  Storage,  1/0  Transfer  Time  N-4 

2.2  Reconstructive  Processing  N-4 

2.3  Tradeoff  Between  Compactness  and  Reconstruction  N-4 

2.3.1  No  compaction  N-5 

2.3.2  Extreme  Compaction  N-5 

2.3.3  Optimum  Balance  N-6 

2.4  Sequential  and  Random  File  Structures  N-9 

2.5  Compatibility  N-10 

3.0  TRANSFER  AND  DISPLAY  N->1 

3.1  Display  Devices  N-11 

3.2  Transfer  Time  N-11 

4.0  IMAGE  MANAGEMENT  N-13 

4.1  Image  Control  Blocks  N* 1 3 

4.2  Image  Description  Records  H- 1 3 

5.0  MANIPULATION  OF  IMAGES  N-15 

5.1  Whole  Image  Manipulation  N-15 

5.2  Image  Editing  and  Modification  N-15 

6.0  CONCLUSIONS  AND  RECOMMENDATIONS  N-17 

xxl 


VOLUME  1 
LIST  OF  FIGURES 


Page 


Figure 

1. 

Fundamental  Block  Diagram  - Radar  System 

XX  ix 

Figure 

11. 

Conceptual  Model  of  SLAR 

XXX 

Figure 

III. 

Fundamental  Block  Diagram  ■*  Simulation 

xlvll 

Figure 

1. 

Conceptual  Block  Diagram  and  Flow  of  Work  Performed 

8 

Figure 

2. 

Flat  Earth  Geometry 

39 

Figure 

3. 

Azimuth  Geometry  - Slope 

ko 

Figure 

k. 

Pulse-Length  Resolution 

kz 

Figure 

5. 

Range  Geometry  - Slone 

i»3 

Figure 

6. 

Range  Resolution 

k7 

Figure 

7. 

Azimuth  Resolution 

kS 

Figure 

8. 

Resolution  Cell  with  Arhltrary  Slope  (Plane  Facet) 

53 

Figure 

9. 

297* Heading  Data  Base  Swath 

76 

Figure 

10. 

116°  Heading  Data  Base  Swath 

76 

Figure 

11. 

Real  * Simulated  Radar  Images  @ 297°  Heading 

81 

Figure 

12. 

Real  -<■  Simulated  Radar  Images  @ 116°  Heading 

82 

Figure 

13. 

Area  of  PPI  Image 

100 

Figure 

U. 

297“  Heading  PPI  Results 

102 

Figure 

15. 

116“  Heading  PPI  Results 

103 

FI gure 

16. 

Conceptual  View  of  Correlatron 

107 

Figure 

17. 

Work  Plan  - Terminal  Guidance  Task 

112 

Figure 

18, 

Special  PPI  Image  Format 

118 

Figure 

19. 

Reference  Scene  Image  Format 

119 

Figure 

20. 

Effect  of  Look  Direction  Error 

121 

FI  gure 

21 . 

Conceptual  Model  of  Reference  Scene  Format 

127 

FI  gure 

22. 

Reference  Scene:  Pickwick  Site,  Test  1 

132 

Figure 

23. 

Reference  Scene:  Pickwick  Site,  Test  2 

132 

Figure 

Zk. 

Reference  Scene:  Pickwick  Site,  Test  3 

133 

Figure 

25. 

Reference  Scene:  Pickwick  Site,  Test  k 

133 

Figure 

26. 

Reference  Scene:  Pickwick  Site,  Test  5 

13'! 

Figure 

27. 

Elevation  Data  Base 

143 

Figure 

28. 

Planimetry  Data  Base 

143 

xxl  1 


VOLUME  11 
LIST  OF  FIGURES 


Figure  A-1  Data  Base  of  Geometric  Solids  A-5 

Figure  A-2  Relative  Position  and  Elevation  A-6 

Figure  A-3  Microwave  Reflectivity  Category  Assignments  A-7 

Figure  A-A  Geometric  Data  Base  Flow  Chart  A-11 

Figure  B-l  Pickwick  Dam  Test  Site  In  Relation  to  U.S.G.S.  Topographic 

Sheets  of  the  Area  B-8 

Figure  C-1  Elevation  Data  Orientation  of  Pickwick  Dam  Test  Site  In  Rela- 

tion  to  U.S.G.S.  Topographic  Sheets  of  the  Area  C-A 

Figure  C-2  Orientation  of  U.S.G.S.  Map  In  UTM  at  Pickwick  C-6 

Figure  C-3  Elevation  Data  Orientation  C-7 

Figure  C-A  Scan  Line  Orientation  C-9 

Figure  C-5  Constant  E-W  Line  of  Orientation  C-10 

Figure  C-6  Orientation  of  Merged  Elevation  Data  Matrix  for  Pickwick  Site  C-1 1 

Figure  0-1  Misregistration  of  Data  D-6 

Figure  0-2  Comparison  of  Boundaries  In  Two  Coordinate  System  D-IO 

Figure  F-1  Category  Map  With  Vertical  Scan  Line  F-6 

Figure  F-2  Example  of  Multiple  Categories  Enclosing  a Homogeneous  Region  F-7 

Figure  F-3  Example  of  "Vertex"  Point  F-9 

Figure  F-A  Continuous  Boundary  Lines  F-9 

Figure  F-5  Horizontal  Tangent  Points  F-lA 

Figure  F-6  Resolution  of  the  Horizontal  Tangent  Problem  Depicted  In  Fig.  5 F-16 

Figure  F-7  Example  of  "Double  Tangent"  at  x.»S , X“6  F-16 

Figure  F-8  Multiple  Crossings  of  a Vertical  Scan  Line  F-19 

Figure  F-9  Vertical  Boundary  F-19 

Figure  F-lO  Anomalous  Vertical  Line  Segments  F-21 

Figure  F-11  Data  Packing  Scheme  F-28 

Figure  G-1  Real  Part  and  Imagery  Purt  of  Dielectric  Constant  of  Water 

as  a Function  of  Frequency  for  Various  Temperatures  G-9 

Figure  G-2  Side  by  Side  Comparison  of  APO  -10  Imagery  and  PSM  Simulated 

Imagery  G-1 7 

Figure  1-1  Macro-flow  Chart  of  SLAR  Simulation  Process  l-lA 

Figure  1-2  Simulation  Parameters  1-16 


xxi  I I 


I 


Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 


Data  Base  of  Geometric  Solids 

Relative  Position  and  Elevation 

Microwave  Reflectivity  Category  Assignments 

20 ° Depression  Angle,  A0,000  feet  altitude 

AO  ^ Depression  Angle,  It0,000  feet  altitude 

Radar  Simulation  Study  of  Geometric  Data  Base 

Flight  Geometries  for  Equal  Altitude  Test 

Shadow  and  Layover  Difference 

Radar  Simulation  of  Artificial  Data  Base 

20 ° Depress  Ion  Angle  40,000  ft.  SLAR  Altitude 

Radar  Simulation  of  Artificial  Data  Base 
24 ° Depress  Ion  Angle  40,000  ft.  SLAR  Altitude 

Tilting  of  a Resolution  Cell 

Radar  Image  Shadow 


i 


m 

i 


VOLUME  1 
LIST  OF  TABLES 


Page 

Table  1.  Radar  System/Ground  Return  Interaction  Parameters  56 
Table  2.  PPI  Parameters  for  Il6*  Flight  Heading  98 
Table  3.  PPI  Parameters  for  297"  Flight  Heading  98 


VOLUME  II 
LIST  OF  TABLES 


Table  A- 1 Geometric  Solids  A-9 

Table  B- 1 Pickwick  Test  Site  Planimetry  Categories  Validation  and 

Terminal  Guidance  Tasks  B-6 

Table  B-2  Planlmetrlc  Data  Base  Construction  Time  for  the  Pickwick  Site  8*13 

Table  D-1  Four  Corner  Points  of  Map  on  Scan  Lino  (x,y)  Coordinates 

Taken  at  Two  Different  Digitizing  Sessions  D-1.1* 

2 

Table  E-l  Pickwick  Test  Site  Planimetry  Categories  E*5 


COMPUTER  PROGRAMS 


APPENDIX 

TR 

TITLE 

PURPOSE 

A 

319-1 

FAKE 

Creates  a geometric  data  base  for 
radar  Image  simulation 

A-13 

1 

319-8 

SLAR 

Produces  Side  Looking  Radar  simulations 

1-30 

J 

319-19 

SLICE 

Produces  a polar  data  base 

J-22 

VERIF 

Generates  simulations  from  polar  data 
base 

J-28 

STEP  1 

Creates  resolution  cell  size  matrix 

In  polar  coordinates 

J-35 

STEP  IB 

Part  two  of  data  base  creation 

J-l*0 

RADAR  IMAGE  SIMULATION;  AN  OVERVIEW 


It  Is  the  purpose  of  this  section  to  try  to  describe  radar  Image 
simulation  and  to  define  terms  and  concepts,  and  to  try  to  place  Into  a 
proper  perspective  all  the  various  Individual  parts.  This  Is  being  at~ 
tempted  In  the  hope  that  by  explaining  radar  simulation  In  such  a manner, 
the  work  performed  and  results  obtained  In  the  Radar  Simulation  Study  re- 
ported In  this  document  will  have  greater  meaning  to  the  casual  reader. 

More  Importantly,  we  hope  to  provide  In  sufficient  depth  an  understanding 
of  the  process  so  that  greater  appreciation  for  radar  simulation.  Its 
needs,  problems,  and  complexities,  will  be  developed.  Much  work  has  been 
done  previously  and  many  milestones  have  been  achieved.  But  unless  one 
Is  Intimately  familiar  with  the  problems,  the  Investigations,  and  solutions, 
he  will  not  realize  what  has  been  accomplished.  Neither  will  he  realize 
what  Is  left  to  be  done.  Further,  without  this  basic  understanding  of 
radar  simulation.  It  Is  very  difficult  to  accept  radar  simulation  for  the 
tool  that  It  Is  and  to  visualize  how  radar  simulation  can  be  applied  to 
solve  present  and  future  problems.  With  the  advent  of  the  Point  Scatter- 
ing Radar  Image  Simulation  Model,  developed  at  the  Remote  Sensing  Labor- 
atory (RSL),  University  of  Kansas,  Lawrence,  Kansas,  radar  simulation  has 
become  an  engineering  tool,  a tool  to  be  used.  Previously,  radar  simula- 
tion had  been  somewhat  akin  to  black  magic;  Whatever  worked  is  what  was 
done.  Our  simulation  model  Is  mathematically  rigorous  and  exactly  pre- 
dictable. Here,  we  want  to  exphstn,  In  words,  not  equations,  necessarily, 
the  development  of  the  model,  and  we  want  to  define  terms  as  we  come  to 
them;  terms  such  as  data  base  and  backscatter . The  level  of  discussion 
Is  purposely  aimed  for  readers  who  are  not  Intimately  familiar  with  radar 
systems  and  the  simulation  of  radar  systems.  No  attempt  Is  made  In  this 
discussion  for  mathematical  rigor.  Tutorial  explanations  have  been  the 
rule,  rather  than  the  exception.  In  developing  this  section  we  have  tried 
very  hard  to  say  things  In  such  a way  that  they  could  not  be  misconstrued 
(one  Is  never  completely  successful  In  this)  and  we  tried  to  prevent  un- 
intentional errors,  either  of  omission  or  commission. 
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Radar  Systems 


The  starting  point  for  this  explanation  of  radar  simulation  Is  the 
radar  system  being  simulated.  Before  we  can  discuss  modeling  and  simu- 
lation of  radar,  we  must  first  define  what  Is  being  modeled  and  simulated. 
Figure  I presents  an  Illustration  of  the  basic  components  of  an  Imaging 
radar  system.  The  bare  essentials  are  shown.  Note  that  three  separate 
pieces  are  shown:  (I)  Radar;  (2)  Ground;  (3)  Image.  Each  place  by  It- 
self represents  only  a single  Item.  Together  they  comprise  a radar  system. 
The  radar  system,  for  simulation  purposes,  Is  defined  to  be  the  closed 
system  of  radar,  ground,  and  Image,  It  Is  this  complete  system  which  Is 
being  modeled  and  this  model  which  produces  the  simulations. 

Very  briefly,  modern  Imaging  radars  work  In  the  following  way.  The 
transmitter  produces  a pulse  of  electromagnetic  energy  which  propagates 
at  the  speed  of  light  to  the  ground,  confined  by  a directional  antenna 
to  Illuminate  only  a narrow  swath  on  the  ground.  The  pulse  of  energy 
strikes  the  ground  and  Interacts  with  It.  A small  fraction  of  the  power 
Incident  on  the  ground  Is  ro-radlated  from  the  ground  back  to  the  radar 
and  is  received  by  the  antenna.  This  received  power  Is  detected  by  the 
receiver.  Refer  to  Figure  Tl . Imagine  that  the  radar  system  shown  In 
Figure  I carried  by  either  an  aircraft  or  a spacecraft,  Is  located  at 
the  position  labeled  A In  Figure  II.  For  present  purposes,  let's  assume 
that  the  Imaging  radar  we  are  discussing  Is  a SLAR  (Side-Looking  Airborne 
Radar);  the  principles  hold  for  any  other  radar  (e.g. , PPl),  but  the  geo- 
metry may  be  different. 

If  the  vehicle  carrying  the  SLAR  Is  traveling  In  the  direction  of  the 
arrow  and  If  the  SLAR  Is  sensing  the  ground  out  to  the  right  side  of  the 
vehicle,  then  the  geometry  Is  shown  In  Figure  II.  Assume  the  radar,  lo- 
cated at  the  point  A,  transmits  a single  pulse.  Thin  pulse  of  energy 
spreads  out  In  all  directions  within  the  constraints  Imposed  by  the  direc- 
tional properties  of  the  antenna.  Assume  the  antenna  allows  the  pulse 
to  spread  In  the  direction  labeled  range  but  limits  the  spread  of  the 
pulse  to  a very  small  distance  In  the  direction  labeled  azimuth.  Then, 
for  this  pulse,  a narrow  strip  In  azimuth  extending  from  beneath  the 


radar  all  the  way  out  In  range  will  be  Illuminated.  The  concentric  arcs, 
centered  on  the  radar,  shown  In  Figure  11,  represent  successively  later 
times  as  a single  pulse  radiates  In  space.  The  point  where  the  arc  label- 
ed R^q  Intersects  the  ground  will  be  Illuminated  by  this  pulse  before  the 
point  Illuminated  by  ^ The  reradiated  power  from  R|q  will  be  received 
by  the  radar  before  the  power  from  R^j.  Since  this  Is  the  case,  the  re- 
ceiver will  detect  the  signal  from  R^^  before  R|^. 

The  output  of  the  receiver  Is  a video  signal  corresponding  to  the 
relative  Intensities  of  the  power  received  from  all  the  points  Illuminated 
on  the  ground,  and  ordered  In  time  by  the  relative  distance  of  each  point 
to  the  receiver  (the  intensity  of  R|q  will  be  detected  and  output  beforu 
R|^).  This  video  signal  Is  used  to  produce  the  Image  (conceptually  shown 
as  a block  In  Figure  1 ).  As  the  power  from  all  the  points  on  the  ground 
Is  returned  and  detected,  the  variations  In  Intensity  caused  by  the  scat- 
tering properties  of  the  different  features  in  the  scene  can  be  used  to 
Intensity  modulate  the  electron  beam  of  a CRT  (Cathode  Roy  Tube)  which  Is 
subsequently  photographed.  Many  ways  exist  to  record  the  Image;  this  Is 
one.  If  the  electron  beam  starts  to  sweep  the  face  of  the  CRT  at  the  time 
corresponding  to  the  roundtrip  distance  to  the  point  labeled  near  range 
and  continues  the  sweep  to  the  time  corresponding  to  the  roundtrip  dis- 
tance to  the  point  labeled  far  range,  then  the  Intensity  variations  mod- 
ulating the  electron  beam  during  this  Interval  will  cause  variations  of 
light  to  appear  across  the  face  of  the  CRT.  These  variations  of  light  on 
the  face  of  the  CRT  are  the  scene  response  at  the  radar  operating  fre- 
quency and,  thus,  represent  the  image  of  that  narrow  strip  Illuminated 
by  one  pulse. 

Now,  while  all  of  the  previous  processing  Is  going  on,  the  vehicle 
was  moving.  After  all  the  desired  energy  from  the  first  pulse  has  been 
processed,  another  pulse  can  be  processed.  Let  the  vehicle  be  located 
at  the  point  B when  the  second  pulse  Is  transmitted.  The  energy  from  the 
second  pulse  Is  processed  Just  like  the  first;  all  previous  comments  apply 
The  film  Is  moved  a little  bit  and  tha  Image  of  the  second  narrow  strip 
is  recorded  on  film.  The  vehicle  moves  to  C,  a third  pulse  Is  transmitted 
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the  film  Is  moved  a little,  and  the  Image  of  the  third  strip  Is  recorded 
on  film.  And,  so  on,  until  the  desired  strip  length  has  bean  Imaged. 

In  capsule  form,  this  discussion  suirmarizes  the  operation  of  Imaging 
radars.  This  is  the  system  being  modeled  when  we  form  simulated  radar 
Images.  Now  we  would  like  to  go  one  step  further  and  show  (by  verbal 
arguments)  In  a little  bit  more  detail  the  relationships  and  Interre** 
latlonships  between  radar,  ground,  and  Image.  Hopefully,  we  will  explain 
such  parameters  as  o°  In  such  a way  that  both  a simple  mental  picture  is 
presented  of  what  It  does  and  the  complexities  and  problems  associated 
with  obtaining  and  using  It  are  clarified.  The  vehicle  Itself  Is  unim- 
portant to  radar  simulation.  The  parameters  associated  with  the  flight, 
however,  are  of  critical  Importance  and  they  must  be  properly  accounted 
for  in  the  simulation  model.  The  more  Important  flight  parameters  are: 

(I)  Attitude;  (2)  Heading;  (3)  Flight  path  location;  (A)  Speed.  Variations 
of  these  parameters  with  time  are  especially  Important.  These  parameters 
define  which  ground  spot  Is  being  Imagecj,  the  altitude,  look-direction, 
and  angle-of-Incldence  at  which  the  radar  views  each  point  In  the  Image, 
and  the  separation  between  successive  points  on  the  ground.  "Look-dir- 
ection" Is  a very  Important  concept  to  Imaging  radars.  It  means,  given, 
a particular  radar  Image  of  a portion  of  the  earth,  the  direction,  rela- 
tive to  the  Image,  In  which  the  radar  was  pointed.  In  Figure  I,  the  look- 
direction  Is  from  left  to  right:  From  the  radar  to  the  scene.  Look- 
direction  Is  Important  because  radar  Images  of  scenes  having  some  features 
higher  than  others  (as  Is  true  of  mcjst  terrain)  will  look  very  different 
depending  upon  the  direction  from  which  the  radar  viewed  It.  This  very 
real  property  of  radars  must  be  Included  In  the  simulation  model.  "Angle- 
of-lncldence"  Is  another  very  Important  concept  to  Imaging  radars.  Among 
other  things,  the  angle-of-incldence  from  the  radar  to  each  point  In  the 
Image  defines  the  brightness  of  each  point  relative  to  every  other  point; 

It  Is  an  Important  parameter.  In  Figure  I,  the  angle-of-Incldence  Is 
shown  as  theta  (o),  the  angle  between  a vertical  line  drawn  from  the  anten- 
na to  the  ground  (perpendicular  to  the  ground)  and  a line  drawn  from  the 
antenna  to  the  point  on  the  ground  being  sensed.  Again,  this  Important 
property  of  the  ground  must  be  included  in  the  simulation  model. 
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The  next  aspect  of  an  Imaging  radar  system  to  be  discussed  Is  the 
mechanism  by  which  the  radar  "views"  the  ground.  The  starting  place 
for  this  discussion  Is  the  transmitter,  shown  In  Figure  I.  The  trans- 
mitter produces  a short  burst  of  electromagnetic  energy  (a  pulse) 
which  propagates  at  the  speed  of  light  confined  by  a directional 
antenna  to  Illuminate  a narrow  swath  on  the  ground.  Assume  the  average 
transmitted  power  of  this  pulse  to  be  watts.  If  the  pulse  were  allowed 
to  radiate  equally  In  all  directions  (Isotropically)  Into  free  space,  the 
power  at  a point  a distance  R from  the  radar  would  be  reduced  by  the 


spreading  of  this  pulse  In  all  directions  by  a factor  of 
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The 


power  density  (power  per  unit  area)  at  a point  a distance  R from  the 

Pt 

radar  would  then  be  given  by  r . But,  the  pulse  Is  not  allowed  to 

AttR^ 

radiate  equally  In  all  directions  Into  free  space.  Instead,  the  pulse 
Is  confined  by  a directional  antenna  to  Illuminate  a narrow  swath 
on  the  ground.  The  antenna  has  directivity.  This  can  be  described  by 
an  antenna  gain,  G.^.  Consider  what  the  antenna  dous.  It  confines  the 
transmitter  power  to  radiate  In  a specific  direction.  Instead  of  allow- 
ing It  to  radiate  In  all  directions.  If  we  pretend  that  we  transmit 
higher  power,  throw  away  the  antenna  and  allow  this  pulse  to  radiate 
Isotropically  (In  all  directions),  and  have  chosen  the  transmitter  power 
to  give  us  the  same  power  at  the  desired  point  on  the  ground  as  I f we 
still  had  the  antenna,  then  we  can  still  use  the  expression  Just  developed 
for  the  power  density  at  a point  a distance  R from  the  antenna.  The  only 
thine  we  have  to  do  to  fIx-up  this  expression  Is  put  In  the  new  trans- 
mitter power.  The  new  transmitted  power  Is  Just  G.^,  times  larger  than 
the  previous  case  because  that  is  what  the  antenna  does.  It  makes  the 
power  density  at  a point  appear  as  If  It  were  produced  by  a transmitter 
having  G.|.  times  the  power  output,  Gy  being  the  gain  of  the  antenna. 

Thus,  the  power  density  at  a_polnt  on  the  ground  a distance  R from  the 
radar  would  be  described  by 
Refer  back  to  Figure  I 
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have  Just  described  the  mechanism 
by  which  the  radar  Illuminates  the  ground  and  have  argued,  qualita- 
tively, v/hat  fraction  of  the  transmitted  power  would  reach  each  point  on 
the  ground.  Look  at  the  point  In  the  figure  at  which  the  transmitted 
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energy  strikes  the  ground.  Arrows  are  pointing  In  all  directions  to  show 
that,  after  striking  the  ground,  this  power  Is  scattered  In  all  direc- 
tions. A very  small  fraction  of  this  power  Is  reradlated  from  each 
point  in  a direction  back  to  the  radar.  The  fraction  of  power  reradlated 
back  (backscattered)  to  the  radar  from  each  point  Is  defined  by  o, 
the  effective  backscatter  area.  The  fraction  of  power  reradlated  back 
to  the  radar  (a)  Is  an  extremely  complex  parameter.  It  Is  easy  enough 
to  write  the  fraction  of  reradlatlon  symbolically.  We  have  already  done 
that  when  we  called  It  o.  To  find  the  actual  number  for  a fixed  set 
of  conditions  Is  another  matter,  for  a varies  with  almost  everything. 

This  Is  an  overdramatization,  but  It  Is  Intended  to  dispell  the  Idea  that 
getting  o was  trivial,  a notion  that  may  have  been  engendered  by  our  sim- 
plistic development.  One  simplification  can  be  made  Immediately,  If 
we  normalize  the  backscatter  to  be  Independent  of  the  ground  spot  size. 

To  do  this  we  simply  write  o*A  ■ o.  The  parameter  0“  Is  called  the 
differential  scattering  cross-section,  a name  meaning  It  Is  the  back- 
scatter per  unit  area.  The  area  Is  specified  by  the  symbol  A and  re- 
presents the  area  of  Illumination,  The  parameter  (a°)  Is  nor- 
mally used  for  radar  return  from  the  ground.  As  can  be  seen,  It  Is  a 
little  easier  to  specify  backscatter  now  because  we  have  normalized 
area  dependence  out  of  the  specification. 

It  Is  still  exceptionally  difficult  to  specify  a®,  for  It  depends 
upon  an  amazing  list  of  variables.  This  list  of  variables  contains  a 
combination  of  both  radar  and  ground  parameters.  Included  In  this  list 
of  variables  would  be  the  following:  (I)  Radar  parameter  - Wavelength, 
polarization,  direction  of  Mluminatloni  (2)  Ground  parameters  (nature 
of  the  category)  - Complex  permittivity,  roughness  of  surface,  homo- 
geneity of  surface.  This  tidy  little  list  means  that  the  fraction  of 
power  reradlated  b^ick  to  the  radar  from  each  point  on  the  ground  varies 
with  transmitting  frequency  (wavelength),  polarization,  look  d I recti  on, 
and  angle  of  Incidence  of  the  radar.  If  you  change  radars,  or  flight 
parameters,  or  both,  the  power  returned  to  the  tadar  from  each  point 
on  1 h*‘  iironiirl  will  hn  (lin'cii’nl  - llir  will  h'ul'  dlftounit.  How 

ever,  the  ground  parameters  yield  the  greatest  Influence  on  radar  Images, 
for  the  power  returned  to  the  radar  from  each  point  on  the  ground  changes 
as  conditions  at  that  point  change. 
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Change  the  moisture  content  (drought,  rain,  hail,  sleet,  snow.  Ice, 
Irrigation,  etc.),  or  the  backscatter  category  (trees  versus  marshes, 
different  ciops,  new  versus  mature  plants,  agriculture  versus  bare 
ground  • summer  versus  winter,  leaves  on  trees  versus  no  leaves  on 
trees,  new  leaves  versus  old  leaves,  etc.)  or  the  surface  roughness 
(plow  ttie  ground,  etc.),  or  the  homogeneity  (mix  agriculture  types, 
soil  plus  flora,  mix  trees  and  crops,  mix  soil  types,  etc),  and  the 
power  returned  to  the  radar  from  each  point  on  the  ground  changes i 
the  Image  will  look  different. 

Recall  that  what  we  are  trying  to  do  is  to  specify  the  fraction  of 
power  reradlated  from  a point  on  the  ground  back  to  the  radar.  For  real 
radar  systems,  this  is  no  problem  for  the  answer  to  be  automatic: 

Illuminate  the  ground  and  a fraction  of  the  pc  )er  is  reradlated  back  to 
the  radar.  It's  only  when  we  want  to  simulate  the  radar  response  to 
□ given  scene  or  to  I nterpret  the  radar  response  to  a given  scene  that 
we  are  faced  with  the  problem  of  specifying  the  fraction  of  reradiation. 
There  are  two  basic  approaches  to  this  problem.  The  first  is  to  use  a 
calibrated  radar  (called  a scatterometer)  to  measure  the  backscatter  of 
as  many  categories  for  as  many  variables  as  is  desired.  Then,  catalogue 
these  empirical  backscatter  data  (o”)  in  a data  bank  versus  the  variables. 
For  Instance,  catalogue  them  versus  category  (backscetter  types), 
frequency  (wavelength),  polarization,  angle  of  incidence,  soil  moisture, 
season  (plant  maturity),  etc.  Then,  when  simulating  the  radar  Image  of 
a spocific  ground  scene  or  interpreting  a specific  Image,  use  the  empirical 
a”  data  (these  data  were  probably  collected  from  targets  other  ttian 
the  one  bel  ng  s i mu  I ated ) , as  appropriate.  Much  work  has  been  done  to 
catalogue  data  but  much  more  remains.  As  an  aside,  all  the  'Imulated 
radar  Images  presented  in  this  document  were  made  from  empirical  o” 
data.  It  isn't  very  reasonable  to  expect  to  measure  and  catalogue  a® 
data  for  every  backscatter  category  for  every  combination  of  the  variables. 
This  Is  where  the  second  basic  approach  to  the  problem  of  specifying  o® 
comes  ill.  The  second  approach  Is  to  use  theoretical  scattering  models 
for  o",  as  appropriate.  Two  different  kinds  of  theoretical  models  can 
btf  used.  The  first  model  Is  one  which  predicts  o®  for  a given  scattering 
category.  The  second  model  Is  one  which  will  extrapolate  empirical 
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(measured)  o°  data  across  conditions  (I.e.,  across  frequencies).  Even 
though  ..he  problem  of  specifying  a°  is  terribly  difficult,  the  results 
presented  in  this  document  attest  to  the  fact  that  much  progress  has 
been  made. 

To  continue  our  discussion  of  how  a real  radar  system  operates,  let's 

assume  that  we  can  find  o”  data  from  either  the  literature  or  our  data 

bank  for  the  categories  in  a scene.  As  previously  stated,  before  we  took 

time  out  to  discuss  a",  we  were  trying  to  specify  the  fraction  of  power 

reradlated  from  a point  on  the  ground  back  to  the  radar.  VJe  decided  to 

use  the  normalized  backscatter  per  unit  area  {a°)  to  specify  this  fraction. 

Thus,  at  a point  Just  above  the  surface  in  the  direction  of  the  radar, 

PTGxa*A 

the  power  will  be  given  by  5 — . This  represents  the  power  sent  back 

from  the  scatterers  on  the  ground. 

Now,  look  again  at  Figure  I.  Note  that  the  radar  Is  a distance  R 
from  the  ground.  For  the  moment,  let's  forget  o°  and  pretend  power  being 
reradlated  back  radiates  equally  in  all  directions.  Let's  consider  the 

FtGt 

point  on  the  ground  to  be  a transmitter  producing  a power  given  by 
with  this  power  radiating  equally  in  all  directions.  Recall  that 
due  to  spreading  of  power  equally  in  ell  directions,  the  power  at  the 
dtUciiitu,  0 dislaiitu  l<  I roiii  the  iiitruiul,  wouKi  la*  nuluci’il  by  — . Rt'cnl  1 
also  our  discussion  about  a directional  antenna.  We  can  represent  the 
ground  as  a directional  antenna  with  weighted  gain  o°A.  Backscatter  is 
a very  directional  parameter  and  In  our  analogy,  describes  the  direction- 
al properties  of  reradlatlon  from  the  ground  and  can  be  thought  of  as  an 
antenna  nattern  weighting  our  otherwise  isotropic  radiation  from  the 
ground.  Putting  this  together  then,  we  find  that  the  power  density  at 
the  radar  antenna  is  given  by  (57^)  “ since  the 

ground  is  assumed  to  have  an  antenna  pattern  given  by  o°A. 

The  power  received  by  the  receiving  antenna  is  the  product  of  the 
power  density  (power  per  unit  area)  incident  on  the  antenna  with  the 
effective  receiving  area  (Aq)  of  the  antenna.  The  effective  receiving 
area  of  the  antenna  can  be  rewritten  as  Aj^  • — The  parameter  X 
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Is  the  original  transmitting  wavelength  and  Is  the  gain  of  the  receiv- 
ing antenna.  In  the  system  we  are  discussing,  the  transmitting  antenna  Is 
also  used  for  receiving,  thus  ■ G.  This  being  the  case,  the  aver- 
age power  received  by  the  radar  Is  specified  by 


(Air)3R‘* 


(1) 


which  Is  the  famous  radar  equation. 

Refer  back  to  Figure  I.  Up  to  this  point,  we  have  watched  as  the 
radar  transmitted  a pulse  of  energy  to  the  ground.  We  observed  the  Inter- 
action of  this  pulse  with  the  ground.  We  followed  as  the  ground  reradl- 
ated  a fraction  of  this  pulse  back  to  the  radar.  And,  we  measured  the 
power  received  by  the  radar  at  the  antenna  terminals,  Now  we  need  to 
process  this  power  and  form  an  Image.  From  the  antenna  terminals,  the 
received  power  Is  Input  to  the  receiver.  The  receiver  amplifies,  filters, 
and  detects  the  useful  signal  from  this  Input  power.  Receivers  are  de- 
signed to  meet  certain  minimum  fidelity  requirements.  Techniques  are 
selected  to  optimize  reproduction  of  the  signal  containing  the  terrain 
backscatter  characteristics.  For  modeling  purposes,  let's  specify  the 
transfer  function  of  the  receiver  symbolically  as  M.  The  symbol  M 
represents  the  receiver  transfer  function,  no  matter  how  complex  it 
may  be.  Thus,  the  Intensity  (l),  or.  In  other  words,  the  video  output, 
of  the  receiver  Is  given  by  the  receiver  transfer  function  (M)  operating 
on  the  power  Input  to  the  receiver  (P|^).  which  symbolically  becomes 
I ■ MFj^  where  Is  given  by  equation  (I). 

For  the  purposes  of  discussing  and  modeling  a radar  system,  specify- 
ing the  receiver  transfer  function  by  the  symbol,  M,  Is  quite  legitimate. 
However,  a word  of  caution  is  due.  Receivers,  In  general,  are  very  com- 
plex electronic  devices  which  simply  do  not  have  perfect  operating  char- 
acteristics. When  It  becomes  necessary,  actually,  to  obtain  the  trans- 
fer function  of  a specific  receiver  (of  a specific  radar),  it  will  be 
found  that  a typical  receiver  consists  of  a local  oscillator,  mixer, 
preamplifier,  post-amplifier,  detector,  and  video  ampl I f ler,  all  of 
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which  must  be  modeled.  The  combined  effect  of  these  components  on  the 
terrain  backscatter  signal  may  be  non-Hnear.  Some  typical  non-l  I near  1 1 les 
encountered  In  radar  receivers  include  AGC  (Automatic  Gain  Control), 
saturation  of  both  the  amplifiers  and  detectors,  and  low  signal  level 
non-1 Inearl  ties  In  detectors.  All  of  these  components  and  their  effects 
must  be  accounted  for  properly  when  modeling  a sped fic  radar.  This 
task  must  be  performed  when  simulating  radars.  For  now,  we'll  assume 
that  task  has  been  accomplished  with  the  result  specified  as  M. 

There  remains  one  final  part  of  the  radar  system  to  discuss: 

The  image.  We  have  Just  defined  the  video  (I)  output  of  the  receiver. 

Now,  we  want  to  convert  this  video  signal  Into  an  Image.  Many  ways  are 
available.  We  select  photographic  film  as  the  Image  medium  for  this 
discussion  because  that  Is  the  medium  used  when  we  simulate  radar 
Images.  Unexposed  photographic  film  generally  consists  of  a trans- 
. parency  base  coated  with  an  emulsion  of  tiny  sliver  halide  grains.  When 
exposed  to  the  video  output  of  the  radar  receivei',  these  sliver  halide 
grains  undergo  a complex  change.  Those  grains  that  have  absorbed 
enough  energy  change  to  metallic  stiver  during  development.  The  grains 
that  did  not  absorb  enough  energy  do  not  change  to  metallic  sliver  during 
development  and  are  washed  off.  The  opacity,  or  photographic  density  (D) , 
of  the  developed  film  will  be  directly  related  to  the  density  of  silver 
grains  across  the  transparency.  The  density^  of  the  resultant  Image 
depends  not  only  on  the  Intensity  (1)  Incident  upon  the  film  during 
exposure,  but  also  on  the  transfer  function  of  the  film  (y  is  used  to 
signify  the  transfer  function  of  film  In  the  linear  portion  of  Its 
dynamic  range)  and  the  photographic  process  used  to  develop  the  film. 

This  relationship  can  be  expressed  In  symbols  as  D » ylog^Ql  + logj^k 
where  k Is  a constant  which  depends  upon  the  exposure  time,  and  the 
film  processing  and  development. 

liefer  back  to  Figure  I.  We  started  with  a pulse  of  transmitted 
energy,  followed  Its  propagation  to  the  ground,  defined  the  Interaction 
of  that  pulse  with  the  ground,  followed  the  reradlatlon  of  a small 


^ Goodman,  J.  W. , "Introduction  to  Fourier  Optics,"  McGraw-HI  1 1 , Inc. 

1968. 
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fraction  of  that  pulse  back  to  the  radar,  and  measured  the  power  re- 
ceived at  the  antenna  terminals.  Then  we  discussed  the  transfer  function 
of  the  receiver  and  found  the  Intensity  output  of  the  receiver  was 
related  to  the  power  Input  by  1 “ MPj^.  Finally,  we  reviewed  a few 
general  properties  of  film  and  discovered  that  the  photographic  density 
of  the  developed  film  was  given  t'  'i  ••  y1o9^q1  * 
puit  all  the  pieces  together  by  appropriate  substitution  for  various 
parameters,  we  find  that  the  Image  photographic  density  Is  related  to 
Intensity  Incident  during  exposure  by  D ■ Ylogj^CMP’i^)  + where  we 

substituted  for  I.  Again,  we  can  substitute  Equation  (I)  for  obtain- 
ing the  final  desired  relationship 


Equation  ( H)  represents  the  final  model  for  the  radar  system  we  have  been 
discussing.  The  relationships  between  the  power  transmitted  (P^) , ground 
Interaction  (o*),  receiver  transfer  function  (M) , film  transfer  function 
(v),  and  film  exposure  and  development(k) , are  all  explicitly  stated. 

This  model.  Equation  (11),  represents  the  starting  point  from  which  the 
Point  Scattering  Radar  Image  Simulation  Model  Is  built. 


1 1 . Refinement  of  the  Radar  Model  for  Simulation;  The  Greytone  Equation 

In  the  previous  section  we  discussed  some  of  the  basic  principles  of 
Imaging  radar  systems.  We  developed  a model  for  an  Imaging  radar  system, 
Equation  (II).  As  It  Is  written,  Equation  (II)  accurately  models  the  oper- 
ational configuration  of  a radar  system,  but  much  more  Is  needed  to  simu- 
late an  Imaging  radar  system.  Implicit  In  this  equation,  but  not  explicit- 
ly shown,  are  all  the  normal  radar  effects  such  as  layover,  shadow,  range 
compression,  etc.  In  the  flight  hardware  radar  system,  these  effects  are 
automatically  accounted  for  by  the  fact  that  the  system  detects  and  records 
the  power  returned  from  points  on  the  ground  according  to  how  far  away  each 
point  Is,  and  Equation  (II)  properly  models  this.  When  we  want  to  simulate 
Imaging  radars,  however,  we  must  Incorporate  specific  provisions  In  the 
model  for  each  of  these,  and  other,  effects. 

The  first  order  ot  business  Is  to  refine  the  basic  radar  system  model. 
Equation  (II),  for  Implementation  on  a digital  computer.  That  Is,  we  need 
to  build  Into  the  model  convenient  methods  to  Increase  our  control  over  the 
Input/output  functioning  of  the  model.  There  are  three  refinements  which 
we  can  make  to  give  us  the  added  control.  First,  because  we  are  using  a 
digital  computer,  we  can  select  the  number  of  shades  of  grey  (greytones)  we 
want  between  black  and  white  of  which  the  Image  Is  to  be  made;  this  is  ac- 
complished easily  by  selection  of  the  computer  word  length  for  each  pixel 
(picture  element  In  the  Image).  Next,  we  can  specify  the  radar  dynamic 
range  which  Is  to  be  mapped  Into  the  optical  dynamic  range  available  in  the 
final  Image.  Finally,  we  can  calibrate  the  scene  so  that  a desired  point 
In  the  Image  (representing  a particular  backscatter  category  at  a specific 
altitude,  range,  and  angle  of  Incidence)  has  a defined  greytone  (shade  of 
grey).  When  this  refinement  Is  completed,  we  will  have  converted  Equation 
(II)  Into  what  Is  popularly  called  the  Greytone  Equation.  These  refinements 
are  discussed  In  this  section  and  the  Greytone  Equation  Is  reported  as  Equa- 
tion (IV). 

The  second  order  of  business  Is  to  develop,  using  the  Greytone  Equation, 
what  we  call  the  Point  Scattering  Radar  Image  Simulation  Model.  The  Point 
Scattering  Radar  Image  Simulation  Model  Is  the  name  we  give  to  the  radar  Image 
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simulation  computer  programs  which  include  software  realizations  of  the 
Qreytone  Equation,  layover,  shadow,  range  compression,  angle  of  incidence, 
local  angle  of  incidence,  etc.  The  Greytone  Equation  operates  on  the  out- 
put of  al)  of  these  Interim  products  to  produce  the  value  of  grey  assigned 
to  each  pixel  in  a simulated  radar  image.  The  complete  package,  not  Just 
the  greytone  equation,  is  called  the  Point  Scattering  Radar  Image  Simula- 
tion Model.  We  will  not  discuss  either  the  software  implementation  of  the 
greytone  equation  or  of  layover,  shadow,  etc.,  and  hence,  we  will  not  dis- 
cuss the  computer  programs  which  incorporate  ail  of  these  effects.  This 
Is  beyond  the  scope  of  this  section.  Details  of  the  development  of  these 
programs  can  be  found  In  Sections  (2),  (3),  and  (k) , and  in  the  Appendices. 

We  will  however,  discuss  the  refinements  of  Equation  (II)  which  lead 
to  the  Greytone  Equation  as  this  discussion  will  help  Interpret  Equation 
(IV),  the  Greytone  Equation.  Since  we  are  using  a digital  computer  for 
Implementation  of  the  point  scattering  radar  simulation  model,  the  output, 
a simulated  radar  Image,  will  be  a digital  matrix;  one  point  In  the  matrix 
for  each  pixel  In  the  Image.  Each  point  In  the  matrix  Is  a computer  word 
consisting  of  N bits.  Each  computer  word  in  the  output  matrix  represents  a 
pixel  and  each  pixel,  therefore,  consists  of  N bits.  The  computer  is  a 
binary  machine,  meaning  that  a word  having  N bits  has  2^  different  states. 

|J 

This  means,  then,  each  pixel  In  the  Image  can  take  on  any  one  of  2 different 
states;  the  exact  state  selected  depends,  of  course,  on  the  data  processed. 

Or,  since  in  an  Image  different  states  are  different  greytones  (shades  of  grey), 
this  means  that  the  Image  Is  made  up  of  2*^  different  greytones.  Thus,  any 
image  can  contain  as  many  greytones  as  Is  desired;  merely  select  the  appro- 
priate N (e.g. , N«8  means  256  different  greytones).  If  the  output  Image  Is 
being  formed  exclusively  for  use  by  humans,  there  Is  a debate  over  exactly 
how  many  greytones  to  use  In  an  Image.  The  general  consensus  seems  to  be  that 
at  least  6A  shades  (N  * 6)  but  not  more  than  IZfl  (N  ■ 7)  need  to  be  used. 

This,  of  course,  presupposes  that  the  radar  and  Image  recording  medium  are 
capable  of  producing  at  least  that  many  distinct  shades  of  grey,  end  that 
the  Intended  Image  use  requires  that  many  shades. 

Now,  let  us  determine  how  much  of  the  simulated  radar  signal  dynamic 
range  is  to  be  recorded  In  the  available  dynamic  range  of  the  photograoh  of 
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that  simulated  radar  Image  by  defining  what  signifies  black  and  white  In 
the  output  simulated  radar  Image  of  our  program.  If  we  Illuminate  a developed 
Image  transparency,  we  can  observe  that  In  the  light  areas  of  the  Image 
(low  photographic  density,  D)  the  Illuminating  light,  incident  Intensity 
(1^),  Is  passed  almost  unimpeded,  whereas.  In  the  dork  areas  (high  density) 
very  little  light,  transmitted  Intensity  (l^),  Is  passed.  ThI s observat Ion 
can  be  used  to  our  benefit  since  It  can  bf  expressed  mathematically.  The 
photographic  density  (0)  Is  equal  to  the  logarithm  of  the  ratio  of  the  Inci- 
dent to  transmitted  Intensity.  In  symbols,  this  Is  D ■ log  10^‘o^'t^’  Note 
that  the  relationship  holds  regardless  of  whether  the  transparency  Is  a nega- 
tive or  a positive  copy  of  the  original.  Now,  specify  values  for  black  and 
white  In  the  film  transparency.  By  doing  this  we  are  effectively  setting 
the  simulated  radar  gain  by  defining  the  dynamic  range  of  the  radar  signal 
we  want  to  be  In  the  simulated  radar  Image.  For  a specific  example  let 
block  be  the  case  when  the  Intensity  transmitted  (1.^)  through  the  transparency 
equals  only  one-hundredth  the  Illumlnatinn  Intensity  (1^);  Ij(black)  ■ 1^/100. 
If  we  substitute  this  value  Into  the  expression  for  photographic  density,  we 
find  that  D (black)  ■>  2.  Similarly,  let  white  be  the  case  where  the  trans- 
mitted Intensity  equals  the  Illuminating  Intensity;  Ij  (white)  <•  0 • 

This  gives  the  result  that  0 (white)  • 0.  Thus,  the  total  range  In  the 
transparency  for  this  example,  would  be  D (black)  - D (white)  ■ 2.  Now  to 

generalize,  we  note  that  the  total  dynamic  range  In  the  Image  Is  (g  ■ 2 In 

the  previous  example);  D (black)  - D (white)  ■ g. 

So  far,  we  hove  specified  the  number  of  shades  of  grey  In  an  Image  as 

well  as  defined  the  photographic  densities  corresponding  to  black  and  white 
and  thus,  the  total  range  In  the  transparency.  These  are  very  useful  con- 
cepts because  they  give  us  considerable  Improvement  in  control  of  the  design 
of  the  simulated  radar  Image  which  Is  the  output  product  of  the  model  we  are 
developing.  Before  discussing  calibration  of  an  Image,  we  Incorporate  these 
last  tw  ) Ideas  Into  the  model.  In  the  final  analysis,  the  output  of  the  radar 
simulation  modri  will  be  a shade  of  grey  (greytone)  for  each  pixel  In  the 
Image.  Thus,  call  the  final  model  the  greytone  equation  and  use  the  symbol 
(G|^)  to  denote  It.  Using  the  previous  discussions,  the  greytone  equation  can 
be  seen  to  be  related  to  Equation  (II)  as  follows: 

0 < < 2^-1 
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where  the  g is  the  simulated  radar  gain,  selected  to  produce  the  desired 
black/white  relationships,  2*^  is  the  number  of  greytones,  and  D comes  from 
Equation  (II). 

We* re  uninterested  In  intermediate  products,  what  we  want  Is  the  final 
result.  That  is,  we  want  to  produce  a positive,  not  a negative,  of  the 
input  data.  Let's  see  If  this  expression.  Equation  (III),  gives  us  the 
desired  result.  A target  having  a very  high  return  power.  Equation  (II) 
should  be  white  in  the  final  Image.  Specify  white  In  the  output  of  the 
computer  to  be  the  case  where  the  computer  word  is  all  one's  (I.e.,  the 
value  of  2^-1  and  black  to  be  all  zeroes  (I.e.,  the  value  of  O;.  If  the 
real  system  were  going  directly  to  film  with  the  radar  signal,  then  high 
Intensity  Incident  on  the  film  during  exposure  would  be  black  In  the  de' 
veloped  transparency.  Let  the  simulated  radar  gain  equal  2 (g  ■ 2)  then 
black  has  a photographic  density  of  D (black)  ■ 2.  Substituting  this  value 
Into  Equation  (III)  gives  immediately  ■ 2^*1,  which  Is  exactly  the  case 
we  specified  for  white  In  the  computer  output.  Thus,  a target  having 
high  return  pown  will  be  associated  with  white  In  the  output  of  the  computer 
program;  Just  exactly  as  we  desired.  Similarly,  a target  having  a very  low 
return  power  would  not  expose  the  film.  This  means  that  the  developed  trans- 
parency would  be  white.  White  In  a transparency  has  a photographic  density 
of  D (white)  ■ 0.  Substituting  into  Equation  (III)  gives  ■>  0,  which  Is 
exactly  what  we  wanted  the  output  of  the  computer  program  to  be  for  a low 


return  power  (black)  target. 

Now,  we  return  to  calibration  of  the  image.  Let's  say  we  want  to  sped 
fy  the  greytone  value  and  return  power  for  a single  point  In  the  Image.  Wo 
will  call  this  a calibration  point  and  subscript  Equation  (III)  with  "c", 
standing  for  calibration,  as  follows:  G-  ■ ( 2^- l\o  . 

^ V 0 / " 

Having  specified  the  calibration  point,  normalize  all  the  other  pixels 


In  the  Image  relative  to  this  one.  Let  the  .greytone  of  any  other  point  In 

the  Image  be  given  by  Equation  (III):  ■|2^-l  J D.  The  difference  between 

this  pl^el  and  the  calibration  point  can  be'seSnAo  bo  ^Gj^  " J 4[2  -IjD  - 

/n  \ ' c/f,g/ 

R ^-(2  -M  (D-0^).  Upon 


thi s pixe 


This  can  be  rewritten  as  G_  ■ 
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substltuttng  Equation  (II),  as  appropriate,  for  D and  D^,  we  get  the  final 
grey  tone  equation: 
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All  the  terms  are  defined  In  Section  (1.4). 

This  greytone  equation  Is  quite  an  Important  result.  Look  at  It  for 
a minute  and  see  how  It  works.  First,  note  that  all  the  parameters  belong- 
ing to  the  calibration  point  are  subsc  Ipted  with  a "c"  and  all  parameters 
belonging  to  the  pixel  for  which  the  greytone  Is  to  be  calculated  (all  other 
points  In  an  Image)  are  unsubscriptecl.  We  want  to  use  the  greytone  equa- 
tion to  calculate  the  greytone  for  the  pixel  which  we  chose  as  the  calibra- 
tion point  as  a check,  Let's  see  whet  we  get.  All  parameters,  for  this 
point,  will  be  subscripted  with  "c"  giving  Gj^  ■ j [ylogiQ  (I)  + 

Y logjp(l)]  ■ } Just  exactly  the  right  result  ( this  ?s  so  because  lod|Q 

(1)  ■ 0).  To  chick  other  points  requires  a few  more  assumptions.  Let's 


use  the  interim  result  G. 


and  Gj^  - 2"- 1 ; these  are  reaSonaTiYe  \/alues  with  which  we  assign  the  middle 
greytoie  to^the  middle  of  the  photographic  density  range  when  the  simulated 
radar  gain  Is  2, 

Now,  what  greytone  value  do  we  get  for  a low  return  power  (black)  tar- 
get? Recall  that  a low  return  target  means  that  the  transparency  will  have 
a photographic  density  of  zero.  Substituting,  gives  Gj^  ■ Gp  + 2 -1  (D  - D^) 

“ 2^- I + 2^- 1 (D  - 1 ) “ 2^-1  + 2^“ 1 (0  - 1)  ■ 0;  which  Is  ixact?y  what  we 

-y-  g-  -g 

wanted  the  output  of  the  greytone  equation  to  be  for  a low  return  power  target. 

Similarly,  a high  return  target  means  D (black)  ■>  2.  Substituting,  gives 

Sb  - 2^-1  + 2^-1  (D  - 1)  - 2^-1  + 2^-1  (2  - 1)  * 2^-1 , which,  again,  Is 
R -g  2 jr  — g- 

exactly  the  right  greytone  output  for  a high  return  target.  These  results 
are  general  and  are  Independent  of  the  selection  for  the  various  calibration 


these  are 


-Gp  .(2^-1) 
re  :so..w7. 


D ) for  this.  Let's  assume  D 
c c 


values;  the  absolute  values  will  certainly  change  upon  choices  for  caltbra- 
tton  values  but  the  qualitative  arguments  about  high  Intensity  and  low  In- 
tensity targets,  relative  to  calibration  values,  are  valid. 

Any  target  having  a return  power  higher  than  that  which  results  In 

D * 2 for  g ■ 2 wl  1 1 also  be  assigned  a grey  tone  of  all  ones  (G|^  ■ 2^-1). 

Likewise,  any  target  having  a return  power  lower  than  that  which  results 

In  D * 0 will  be  assigned  a grey  tone  of  all  zeroes  (G|^  ■ 0).  Thus,  Just 

as  in  the  real  radar  system,  signal  compression  occurs  In  the  simulation 

model  for  very  high  return  power  targets  and  for  very  low  rnturn  power 

targets.  The  uncompressed  dynamic  range  of  radar  signal  In  the  simulated 

radar  Image,  defined  by  the  g In  the  denominator  of  Equation  (IV),  can  be 

found  from  our  earlier  definitions  of  what  represented  black  and  white. 

Recall  that  If  D (black)  ■ 2 and  D (white)  ■■  0,  then,  the  range  Is  seen 

to  be  20  dB  [This  can  be  seen  by  noting  Mat  the  range  I j(black) [100]  ^ 

Iq,  and  Ij  (white)  • 1^,  which  gives,  after  subtraction,  1.^  (black)  [lOOi 

- I-  (white).  Or,  *T  ([white)  - 100  which  In  decibels  Is  IOIco.^Pt  (whlte)l 

^ i7"mcT<T  ’“[TflETaTOj 

■ lOIogjQ(IOO)  • 20  dB].  The  dynamic  range  of  photographic  film  over  which 
the  transfer  function  (y)  Is  linear  Is  typically  20  dB.  Thus,  It  can  be 
seen  that  If  the  simulated  radar  gain  term  Is  set  equal  to  2 (g  ■ 2)  In  the 
greytone  equation,  this  results  In  20  dB  of  radar  signal  being  mapped  Into 
the  20  dB  available  In  film:  This  Is  a one-to-one  mapping.  By  selecting  g 
as  desired,  any  other  mapping  can  be  Implemented.  This  term,  the  g In  the 
denominator  of  Equation  (IV),  essentially  sets  the  gain  of  the  simulated 


system. 

When  we  select  a value  for  g and  the  greytone  value  (G^  ) return  power 
(o”  ) for  the  calibration  point,  we  specify  which  part  of  thS  dynamic  range 

C 

of  the  radar  signal  we  are  recording  on  film.  The  selection  of  g effectively 
sets  the  gain  by  determining  how  much  of  the  dynamic  range  of  the  radar  signal 
Is  recorded  on  film  and  selection  of  and  set  the  bias  by  setting  the 

brightness  level  on  film  of  a point  In  fhe  dynamic  range  of  the  radar  signal. 
Therefore,  appropriate  selection  of  the  gain  and  bias  terms  result  In 


calibration  of  the  simulated  radar  Image;  the  desired  dynamic  range  and 
desired  portion  of  the  radar  signal  dynamic  range  will  be  recorded  on  film. 
Equation  (IV)  Is  what  we  call  the  greytone  equation  and  It  represents 
the  basic  bul Iding  block  for  our  simulation  model  as  we  have  Implemented  It 
on  the  digital  computer.  Since  we  selected  to  calibrate  the  Image  by  sped" 
fylng  a point  In  the  Image,  the  film  exposure  and  development  constant  (K) 


In  Equation  (II)  dropped  out  of  Equation  (IV)  tlog,-(,>-  ) ■ log,rt(l)  • 0; 

1 0 •'C  ' ^ 

the  same  Image  Includes  both  the  calibration  point  In  addition  to  every  other 


pixel,  thus,  K ■ K].  Also,  If  a linear  radar  receiver  transfer  function 

V 


Is  being  simulated,  then  the  term  Incorporating  the  ratio  of  transfer  func- 
tions will  drop  out  of  Equation  (IV)  for  the  same  reason.  If  the  receiver 
being  modeled  Is  nonlinear,  then,  of  course,  this  term  must  be  Included. 

This  completes  our  discussion  of  the  development  of  the  greytone 
equation.  This  Is  the  expression  Implemented  In  our  Point  Scattering 
Radar  Imaga  Simulation  computer  programs.  Of  course,  as  previously  mention- 
ed, the  greytone  equation  It  not  the  complete  model;  Just  the  final  expression. 
The  complete  model  Includes  software  realizations  of  algorithms  for  calcu- 
lating shadow,  layover,  range  compression,  angle  of  Incidence,  local  angle 
of  Incidence,  range,  local  slope  of  the  terrain,  and  more.  Development  of 
these  algorithms  Is  beyond  the  scope  of  this  section;  see  the  appropriate 
sections  and  appendices  In  this  report. 
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III.  Radar  Simulation 

In  previous  sections  we  have  discussed  radar  systems  and  have  de- 
veloped the  greytone  equation,  Equation  (IV);  We  have  not  completely 
derived  the  Point  Scattering  Radar  Image  Simulation  Model,  that  being 
beyond  the  scope  of  the  discussions  In  this  section.  In  this  section, 
we  are  going  to  describe  how  we  use  the  simulation  model  and  show  how 
It  Is  altered  to  the  proper  configuration  representing  a specific  radar 
system.  We  are  going  to  discuss  the  ground  truth  data  base  and  the 
major  problems  of  constructing,  storing,  and  using  them.  We  shall  out- 
line the  use  of  backseatter  data;  where  we  get  It,  where  It  comes  from, 
what  It  means,  and  how  we  use  It.  Finally,  we  are  going  to  sketch  Image 
processing  difficulties  as  they  apply  to  radar  simulation. 

The  block  diagram  shown  In  Figure  III  Is  a simplistic  representation 
of  radar  simulation;  It  represents  our  approach  to  radar  simulation  uti- 
lizing an  Implementation  of  the  point  scattering  method  on  the  digital 
computer.  This  figure  shows  both  the  Input  requirements  of  our  model 
and  the  output  product.  As  can  be  seen,  the  radar  simulation  program 
requires'  three  basic  kinds  of  Input  data:  (I)  Radar  parameters;  (2) 

Ground  truth  data  base;  (3)  Radar  return  data  -o”.  The  radar  simulation 
program  (called  the  Point  Scattering  Radar  Image  Simulation  Model)  con- 
tains an  Implementation  of  the  Greytone  Equation  (IV).  It  contains  ex- 
plicit provisions  for  calculating  the  return  power,  shadow,  layover,  angle 
of  Incidence,  range  compression,  etc.  (details  are  available  In  Sections 
2,  3,  nnd  4).  Given  these  capabilities  designed  Into  the  software  repre- 
sentation of  the  Point  Scattering  Radar  Image  Simulation  Model,  and  given 
the  necessary  three  kinds  of  Input  data  to  the  model,  the  computer  pf^o- 
gram  forms  a simulated  radar  Image. 

When  a new  application  for  radar  simulation  Is  Identified,  a fairly 
Involved  chain  of  events  Is  followed.  Very  briefly,  this  chain  Is  started 
with  specification  of  the  radar  which  Is  to  be  modeled,  and  Identifica- 
tion of  the  target  site  on  the  earth  for  which  o simulated  radar  Image 
Is  to  be  produced.  Specifications  of  the  radar  defines  a number  of 
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parameters  which  are  essential  to  further  work.  Identification  of  the 
target  site  allows  preliminary  work  on  the  data  base  to  be  started.  This 
preliminary  work  Involves  identifying,  locating,  and  acquiring  source 
data,  such  as  high-resolution  aerial  photographs  and  maps,  which  are  es- 
sential to  construct  the  data  base. 

The  data  base  is  a major  input  requirement  of  the  radar  simulation 
program.  Since  the  radar  simulation  model  has  been  Implemented  on  the 
digital  computer,  the  data  base  must  be  in  digital  format.  The  data  base 
is  a digital  representation  of  the  different  features  and  the  elevation 
variations  of  the  terrain  present  in  the  target  scene.  Typically,  the 
data  base  consists  of  a digital  matrix  containing  four  dimensions.  These 
four  dimensions  are  the  range  and  azimuth  coordtnntes.  elevation,  iind 
radar  backscatter  category  of  each  point  in  the  scene.  It  is  this  matrix 
upon  which  the  simulation  program  operates  to  calculate  such  parameters 
as  look-direction,  range,  angle  of  incidence,  shadow,  'ayover,  range 
compression,  etc,  After  calculating  these  purameters.  the  simulation 
program  obtains  from  the  data  matrix  the  radar  backscattei"  category  of 
each  point  In  the  scene.  At  this  point,  the  simulation  program  Is  finished 
with  the.  data  base.  The  program  now  requires  backscatte/  data  (o°)j  the 
third  major  input  requirement  of  the  simulation  program.  Upon  specifica- 
tion of  the  transmitter  frequency  and  transmit/receive  polarization,  and 
upon  identification  of  each  of  the  different  backscatter  categories  In  the 
target  scene  (from  the  data  base  work),  backscatter  data  can  be  obtained. 
The,  backscatter  data  measurn  the  transmitted  pulse  and  ground  Interaction 
and  determine  the  fraction  of  power  reradlated  back  to  the  radar.  These 
data  are  obtained  from  empirical  dato  banks,  or  from  the  ltte,rature,  or 
from  appropriate  theoretical  scattering  models.  Regtrdless  of  whore  ob- 
tained, the  h.imu1atIon  program  requires  the  a”  data  specified  by  the  data 
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base  as  an  input;  tiien,  using  the  parameters  calculated  and  these  a data, 
the  simulation  pijgrairi  produces  the  desired  output:  A simulated  radar 
Image  of  the  desired  scene  which  represents  the  operating  characteristics 
of  the  specified  radar. 
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This  description  completes  a very  brief  overview  of  ow  approach 
to  radji  simulation.  The  attempt  In  this  discussion  was  to  define  the 
major  simulation  components  and  to  illustrate  the  relationships  and 
Interielatlonships  between  the  major  components.  Now,  we  wouli.  like  to 
go  one  step  further  and  develop  (hy  verbal  arguments),  In  a lit' le  bit 
more  detail,  the  simulation  model  and  Its  Input  rt oul rements. 

Review  the  radar  simulation  model  Illustrated  In  Figure  III.  Upon 
defining  a new  radar  system  which  Is  *‘,o  be  modeled  for  simulating  radar 
images,  the  radar  system  operating  parameters  and  ch'iractet  I sties  are 
specified.  Some  of  tlia  more  Important  of  these  charnel ori st  1 cs  are  (1) 
Transmitter  frequency;  (2)  TransmI tter  pulse  length;  (3)  Transmit/receiver 
polarization;  (A)  Antnnna  pattern;  (5)  Antenna  beamv/iHth;  (6)  Receiver 
transfer  function;  (7)  Image  medium;  and  (8)  Radar  Typo  and  Image  format 
(SLAR,  PPI,  SAR,  etc,).  As  shown  In  Figure  HI,  parameters  are 

Input  to  the  radar  Image  simulation  program.  They  art  used  to  set-up 
the  Point  Scattering  Simulation  Model  computer  prterams  for  the  specific 
characteristics  of  the  radar  system  being  modeled  and  some  are  used  ex- 
plicitly in  the  greytone  equation.  The  transmitter  pulse  length  Is  used 
to  Identify  the  radar  resoliition  In  the  range  direction.  The  antenna 
beamwidth  is  used  to  spe  . / resolution  In  the  azimuth  direction.  To- 
gether these  parameters  specify  the  size  of  thi-  radar  resolution  cell, 
data  used  in  botli  the  greytone  equation  (parameter  A in  Equation  (IV)) 
and  in  thrt  construct  ion  of  the  data  base  for  the  desired  scene.  More 
details  about  resolution  are  presented  in  Section  I.A,  The  transmitter 
frequency  and  transmit/receive  polarization  are  used  both  In  the  greytone 
equation  (parameter  X;  X > y)  and  In  obtaining  radar  return  data;  they 
specify  two  of  the  major  parameters  of  o°. 

The  antenna  pattern  Is  very  Important.  If  real  pattern  data  are 
available  and  the  application  warrants  Its  use,  these  data  are  Imple- 
n ’nted  In  the  computer  program  to  convolve  the  antenna  pattern  with  the 
return  power  data.  If  the  data  are  not  available  or  If  the  application 
does  not  warrant  the  additional  computer  resources  required  to  convolve 


these  data,  a symbolic  antenna  pattern  may  be  used.  Such  a pattern  would 
be  the  common  G»G^sec^0  where  G Is  the  antenna  gain  term  of  Equation  (IV), 
and  6 Is  the  angle  of  incidence  as  shown  In  Figure  I).  At  any  rate,  the 
function  of  the  antenna  pattern  (or  gain),  as  previously  noted,  Is  to 
account  for  the  directivity  of  the  antenna  used  by  the  real  system,  and 
Is  an  important  simulation  parameter. 

The  receiver  transfer  function  can  have  a significant  Impact  on  the 
radar  simulation  effort.  If  circumstances  warrant  Inclusion  of  the  actual 
receiver  transfer  function,  It  replaces  the  parameter  H,  in  Equation  (IV). 
This  Is  another  parameter  which  may  have  a major  Impact  on  the  required 
simulation  computer  resources,  especially  If  the  transfer  function  Is  non- 
linear. If  It  Is  linear,  then,  except  for  super-critical  applications,  It 
can  be  calibrated  out  of  the  simulation  model. 

If  the  Image  medium  is  to  be  different  from  photographic  film,  then 
the  model,  Equation  (IV),  nueds  to  be  altered  accordingly. 

The  radar  type  and  Image  format  Impact  both  the  radar  simulation  pro- 
gram and  the  data  base  construction.  The  model  and  data  base  need  to  be 
set-up  to  simulate  either  the  rectangular  coordinate  system  Image  format 
of  a SLAR  or  the  polar  coordinate  Image  format  of  a PPI.  Also,  In  the 
event  it  Is  desired  to  model  a SAR  (Synthetic  Apertii>*e  Radar)  this  specifi- 
cation would  Impact,  in  addition  to  major  considerations  In  the  model  and 
data  base,  collection  of  data. 

At  this  point  we  have  discussed  the  ramifications  to  radar  simula- 
tion nf  specifying  the  radar  system  parameters  for  a new  application.  As 
shown  conceptually  in  Figure  III,  specification  of  these  parameters  Impacts 
both  the  dnta  base,  dsta,  and  the  simulation  model.  Assume  that  the 
necessary  alterations  are  made  to  the  computer  program  such  that  these 
parameters  are  prope  Implemented.  It  Is  not  our  purpose  here  to  dis- 
cuss the  details  of  how  these  alterations  are  made.  Suffice  It  to  say  that 
they  are  made  and  details  can  be  found  In  Sections  (2.0),  (3.0),  and  {k.O). 
Having  specified  the  parameters  and  Implemented  thorn  In  the  computer  pro- 
gram, the  radar  simulation  program  Is  ready  to  form  simulated  radar  Images. 
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truth  date  base  and  (2)  data. 

After  sped f I cat  ten  of  the  radar  system  and  simulation  application 
comes  Identification  of  the  simulation  target  scene.  This  Is  the  physical 
area  on  the  earth  of  which  we  are  going  to  form  simulated  radar  Images. 

To  produce  a simulated  radar  Image  of  this  specified  area  of  the  earth, 
the  radar  simulation  program  requires  two  kinds  of  Information  about  the 
features  and  properties  of  the  earth  In  that  area.  First,  the  radar 
simulation  program  requires  a ground  truth  data  base  which  contains  the 
relative  position,  the  elevation,  the  geometry  and  backscatter  category 
of  each  point.  Second,  the  program  requires  backscatter  data  for  each 
category  Identified  to  be  In  the  simulation  target  area.  If  those  data 
are  eval table,  the  Radar  Simulation  Program  can  then  be  run  end  the  de* 
sired  simulated  radar  Image  can  be  formed. 

Development  of  the  ground  truth  data  base  Is  a very  large  problem  Facing 
radar  simulation.  Since  we  Implement  our  radar  simulation  program  on  the 
digital  computer,  the  ground  truth  data  base  must  be  In  digital  form,  compatible 
with  the  computer.  The  data  base  can  be  considered  to  be  a digital  model 
of  the  physical,  geometric  properties  of  the  ground.  This  digital  model, 
as  we  develop  It,  Is  typically  a four-dlmens lonal  digital  matrix;  two 
dimensions  specify  the  location  of  each  ground  point,  another  specifies 
the  elevation  of  each  point,  and  the  fourth  specifies  the  backscatter 
category  of  each  point.  Construction  of  this  digital  ground  model  Is  a 
difficult,  time-consuming  problem. 

After  specification  of  the  simulation  site  (data  base  area)  and  radar 
parameters,  work  can  be  started  on  construction  of  the  data  base.  The  first 
thing  we  do  Is  locate  and  obtain  h Igh-resolut Ion  photographs,  maps,  and, 
possibly,  other  Imagery  (such  as  IR  - Infra-Red  - or  radar)  of  the  site 
taken  during  the  same  time  of  year  as  the  simulated  Imagery  Is  to  rupresunt. 

Then  we  use  the  radar  parameters  to  determine  the  size  of  each  ground  point 
that  the  ground  truth  matrix  represents;  that  Is,  we  use  the  radar  parameters 
to  determine  the  resolution  we  will  build  Into  the  data  base. 


Once  the  source  Imagery  (photos,  maps,  etc.)  have  been  obtained  and 
the  resolution  determined,  work  on  construction  of  the  data  base  can  be 
started.  A photo-interpreter  uses  the  source  Imagery  and  his  knowledge  and 
Intuition  of  radar  Images  of  the  same  frequency,  polarization,  and  resolution 
being  modeled  to  construct  a data  base  map  of  the  area.  The  data  base  map 
Is  typically  drawn  by  hand;  major  features  may  be  traced  from  either  maps 
or  photos,  or  both,  depending  upon  the  relative  scales  and  distortions  of 
the  various  sources.  Construction  of  this  hand-drawn  data  base  inap  Is  a 
major  effort  requiring  Judgment,  accuracy, and  knowledge  of  the  area.  A 
major  goal  pursued  In  the  development  of  the  data  base  map  Is  reduction  of 
the  scene  to  the  collection  of  the  least  number  of  homogeneous  regions 
possible.  We  use  our  experience  and  Intuition  to  decide  where  a new  back- 
scatter  category  Is  necessary  and  then  extend  the  new  category  over  the 
maximum  area  that  Is  possible.  For  Instance,  large  forested  areas  may  be  con- 
sidered homogeneous  even  though  the  area  may  consist  of  many  different  kinds 
of  trees.  A break  In  the  tree  cover  would,  however,  be  cause  for  adding 
another  boundary  and  category  because  of  the  great  dissimilarities  between 
trees  and  most  other  categories.  Similarly,  other  vegetation  covers  would 
be  considered  homogeneous  over  as  large  an  area  as  possible.  New  categories 
are  not  Added  unnecessarily,  for  each  new  category  complicates  later  phases 
of  construction  of  tha  data  base.  This  can  be  seen  by  recognition  of  what 
must  be  (lone  to  convert  it  to  a digital  matrix;  It  must  be  digitized. 

At  this  point,  the  data  base  map  is,  typically,  a symbolic  drawing 
^category  map)  of  the  simulation  target  scene.  This  symbolic  category 
map  Is  a line  drawing  of  the  boundarlos  outlining  major  features  present 
in  the  area  (such  as  boundaries  separating  forests  and  vegetation,  or  bare 
soli;  or  boundaries  separating  vegetation  and  bare  soli;  or  boundaries 
separating  different  bnckscatter  types  of  vegetation;  or  . . .).  The  next 
phase  of  construction  Is  digitization  of  the  category  map.  Wo  typically 
use  a large  tabic  digitizer  and  a human  operator  to  digitize  the  boundaries 
In  the  category  map.  The  human  traces  each  boundary  with  the  cursor  of  the 
table  digitizer  and  the  computer  attached  to  the  digitizer  table  periodically 
saniples  and  records  the  position  of  the  cursor.  As  a new  boundary  trace 
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Is  started,  the  operator  specifies  to  the  computer  what  categories  this 
boundary  separates.  As  might  be  Imagined,  boundaries  do  not  always 
simply  divide  two  categories;  three,  and  even  four,  categories  are 
frequently  divided  at  a single  point.  This,  of  course,  creates  problems 
In  keeping  straight  exactly  what  a boundary  represents.  More  Important- 
ly, this  multiple  category  problem  Is  a source  of  real  problems  later 
when  converting  these  digital  boundary  data  Into  a digital  matrix. 

After  completion  of  the  digitizing  task,  we  have  a digital  magnetic 
tape  containing  the  sampled  position  points,  all  stored  serially  (con- 
secutively), for  each  boundary  In  the  category  map.  Each  record  on  the 
tape  records  the  position  of  a boundary  point  and  the  categories  being 
separated  by  the  boundary.  These  serial  boundary  data  must  now  be  made 
Into  a digital  matrix.  The  desired  digital  matrix  will  be  completely 
fllled-ln,  as  opposed  to  Just  having  boundaries  present.  The  size  of 
the  digital  matrix  Is  determined  by  the  resolution  built  Into  the 
category  map;  one  cell  In  the  matrix  represents  the  resolution  size 
on  the  ground  (e.g.,  If  the  radar  resolution  element  Is  determined  to 
be  twenty-five  feet,  then  each  point  In  the  matrix  represents,  at  most, 
twenty-five  feet  on  the  ground;  finer  resolution  may  sometimes  be  desired). 
Thus,  the  task  facing  us  at  this  point  is  to  read  the  serial  boundary 
data  Into  the  computer;  sort  them,  for  Instance,  by  their  x-coordinates ; 
and  then  order  the  y-coordinates  for  each  constant  x-dimenslon.  In 
this  way,  the  boundary  data  points  can  be  stored  In  the  correct  matrix 
cell;  what  Is  stored  Is  the  categories  being  separated  by  each  point, 
not  the  X-  and  y-coordInates  of  each  point,  for  that  information  Is  Im- 
plicit In  the  position  of  the  matrix  cell.  At  the  completion  of  this 
activity,  we  have  a digital  matrix  which  Is  a symbolic  map  of  the  ground. 

Each  cell  in  this  matrix  represents  a specified  number  of  feet  on  the 
ground  and  lists  the  backscatter  category  of  that  point.  One  lest  task 
remains  to  be  accomplished  before  we  have  a completed  ground  truth  data 
base;  We  must  obtain  elevation  date  for  the  scene  and  add  It  to  this  matrix. 
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FortunatetVi  for  the  data  bases  we  made  under  this  contract,  digital 
elevation  data  were  provided  to  us  by  ETL  (Engineering  Topographic  Labor* 
atorles,  U.S.  Army,  Fort  Belvoir,  Virginia).  One  digital  magnetic  tape 
of  elevation  data  was  provided  per  standard  7 1/2'  U.S.G.S.  , ted  States 
Geological  Survey)  Quadrangle  map  of  the  target  scene.  The  desired  tar- 
get scene  covered  six  of  these  maps,  thus,  to  obtain  elevation  data  for 
use  in  the  data  base,  we  had  to  extract  the  appropriate  set  of  data  from 
each  tape  and  then  merge  them  Into  one  orthogonal  matrix.  This  task  of 
merging  alone  required  uch  effort  because  each  map  had  been  digitized 
Independently  of  every  other  with  no  apparent  thought  given  to  combining 
data  from  different  maps.  We  combined  these  elevation  data  provided  us 
Into  one  digital  matrix  and  then  merged  the  category  and  elevation  matrices 
Into  one,  new  four-dimensional  matrix  which  became  the  required  ground 
truth  data  base  for  the  specified  target  scene.  This  task  was  made  easier 
by  Judicious  selection  of  the  size  of  ground  spot  each  matrix  cell  repre- 
sented (the  size  was  made  Identical  for  both  the  category  and  the  eleva- 
tion matrices)  and  of  the  coordinate  systems  of  both  matrices  (they  were 
both  set-up  to  be  in  the  same  coordinate  system).  Upon  completion  of 
this  activity,  the  ground  truth  data  base  was  ready  for  Input  to  the  radar 
simulation  program.  The  data  base  Is  a digital  model  of  the  backscatter 
category  features  and  elevation  variations  present  in  the  target  scene. 

One  last  task  remains  to  be  done  before  we  are  ready  to  use  the  simu- 
lation model  to  form  a simulated  radar  Image  of  the  target  scene;  we  must 
obtain  the  backscatter  data  for  each  category  Included  In  the  ground  truth 
data  base.  Recall  that  the  backscatter  parameter,  n”,  determines  how  much 
of  the  transmitted  power  which  illuminates  a point  on  the  ground  will  re- 
radiate  back  to  the  radar.  The  parameter,  ct°,  models  the  transmitted 
energy  Interaction  with  the  ground. 

Acquisition  of  data  is  a major  obstacle  facing  radar  simulation.  A 
lot  of  empirical  (measured)  data  presently  exist  In  the  literature  and. 
In  particular,  in  an  agri cul ture/sol 1 moisture  data  bank  being  developed 
at  the  RSL  (Remote  Sensing  Laboratory).  These  data,  as  much  as  there  are, 


represent  Just  the  first  step.  Much  more  data  needs  to  be  collected 
for  many  more  of  the  variables  (recall  that  o“  varies  with  many  parameters, 
such  as  frequency,  po)arlz..clon,  vegetation  type,  soil  type,  soli  moisture, 
season,  etc.).  Empirical  data  are  not  enough.  It  is  not  reasonable  to 
expect  to  measure  o°  for  every  conceivable  variable  In  the  terrestrial 
envelope  In  a finite  period  of  time.  Theoretical  electromagnetic  scatter- 
ing studies  need  to  be  developed  to  extend  and  extrapolate  these  measured 
data  for  the  cases  which  are  not  measured.  There  exists  a genuine  need 
for  these  theoretical  data.  Without  these  data,  the  concept  of  radar 
simulation  Is  basically  limited  to  what  can  be  done  with  the  empirical 
data  which  are  available.  Enough  philosophy  for  now. 

We  search  the  literature  and  examine  our  data  bank  for  empirical  o” 
data  we  can  use  for  the  radar  frequency  and  polarization,  and  for  the  cat- 
egories Included  In  the  ground  truth  data  base.  We  also  examine  exist- 
ing scattering  models  to  determine  their  potential  applications  for  ob- 
taining j®  data  for  soma  categories.  We  use  our  knowledge  of  the  scatter- 
ing properties  of  the  kinds  of  categories  Identified  In  the  data  base  to 
aid  this  search.  It  may  not  be  possible  to  find  exactly  the  data  for  a 
particular  category,  but  It  may  be  reasonable  to  substitute  another  o® 
category  which  Is  available  because  our  knowledge  and  experience  leads  us 
to  conclude  they  are  "similar"  at  the  desired  frequency  and  polarization. 

We  recognize  that  this  Is  not  being  rigorous  but  we  are  makIng-do  with 
what  Is  available.  In  fact,  far  from  making-do,  we  are  being  Immensely 
successful,  After  obtaining  the  o®  data  we  plcn  to  use  for  each  data 
base  category,  we  fit  curves  to  these  data  to  put  them  Into  a form  compat- 
ible with  the  simulation  program. 

Typically,  empirical  data  are  presented  In  the  data  bank  and  liter- 
ature for  each  frequency,  polarization,  and  category,  for  only  a few  angles 
of  Incidence.  Our  simulation  program  requires  o®  data  to  be  Input  as  o° 
varus  angle  of  Incidence  (b)  for  each  frequency,  polarization  and  category. 
We  fit  a best  curve  to  the  cr®  versus  0 trend  for  each  category  and  then 
use  these  curves  to  Interpolate  for  other  points.  Frequently,  the  o°  data 
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we  wish  to  use  does  not  span  the  range  of  angles  of  Incidence  we  need. 

In  those  casesi  we  must  complete  the  trends,  calling  upon  our  knowledge 
and  e)(per1ence  with  those  kinds  of  categories.  At  this  point,  the  a° 
data  have  been  obtained  and  put  Into  the  desired  compute r*'Compat I ble 
format.  All  of  the  work  preliminary  to  forming  simulated  radar  Images 
have  been  completed.  We  are  finally  ready  to  use  these  data  for  frrming 
images. 

This  completes  the  discussion  of  the  simulation  model,  how  It  Is 
altered  to  the  configuration  of  a specific  radar  system,  its  Input  data 
requirements,  what  these  data  are,  and  how  we  obtain  them.  All  necessary 
requirements  have  been  satisfied  to  produce  radar  image  simulations  using 
the  operational  characteristics  of  the  radar  being  modeled  and  of  the 
specified  test  site.  It  remains  only  to  run  the  radar  simulation  pro- 
gram. This  Is  a good  point  to  halt  this  discussion  of  an  overview  of 
our  approach  to  radar  simulation  embodying  the  Point  Scattering  Radar 
Image  Simulation  Model.  Additional  specific  Information  about  any  facet 
of  our  model  or  approach  can  be  obtained  by  reference  to  the  rest  of  this 
document. 

We  would  like  to  complete  this  section  by  listing  a few  problems  asso- 
ciated with  radar  simulation  and  postulating  approaches  to  solutions,  or 
future  studies  to  be  conducted.  First  is  the  problem  of  trying  to  man- 
ipulate very  large  data  bases  In  the  digital  computer.  Vast  amounts  of 
data  must  be  processed  for  all  but  trivial  applications  of  radar  Image 
simulation.  As  presently  structured,  data  bases  consist  of  at  least  one 
point  in  a matrix  for  each  pixel  (picture  element)  In  the  final  simulated 
radar  Image.  This  means  that  most  data  bases  for  operational  systems  are 
exceptionally  large  (more  than  ten  million  points)  and  even  the  most  tr’vicl 
Image  handling  Is  Inordinately  complex.  Simple  things  such  as  rotations 
of  data  bases  t.n  alter  the  look  direction  (flight  line)  are  tremendously 
time  consuming  and  e.''.pens  1 ve.  It  Is  recommended  that  techniques  for  both 
data  compression  and  alternate  methods  for  Inforrastlon  storage  and  retrieval 
be  Investigated.  7he  great  potential  value  of  radar  Image  simulation  for 


many  present  and  future  applications  argues  that  this  Investigation 
needs  to  be  conducted. 

Another  major  area  where  significant  Improvement  is  necessary  Is 
the  area  of  data  base  construction:  Feature  extraction  Is  the  proper 
term.  The  techniques  we  used  to  produce  our  data  bases  are  basically 
manual  techniques.  The  utility  and  versatility  of  radar  Image  simula- 
tion Is  dependent  upon  automating  the  problems  of  ground  truth  data  base 
construction,  of  feature  and  elevation  data  extraction.  Classical  tech- 
niques for  feature  extraction  are  manual  techniques.  Typically,  a photo- 
interpreter  scans  the  Intelligence  data  and  draws  upon  his  Interpreta- 
tion experience  to  decide  what  Information  to  transfer  manually  to  the 
data  base  under  construction.  These  decisions  are  made  with  as  few  digi- 
tal computer  Image  enhancement  techniques  as  possible.  This  reticence 
to  use  available  enhanceiiient  routines  Is  caused,  In  part,  by  the  very 
nature  of  the  automatic  routines.  They  are  not  generally  applicable  to 
uny  but  specific,  well-structured,  test  cases.  In  addition,  use  of  these 
techniques  requires  that  the  Interpreter  also  be  a computer  expert.  More- 
over, the  Interpreter  loses  control  and  visibility  of  what  he  Is  trying 
to  accomplish  when  he  enters  the  computer  world  of  automatic  land-use 
classification,  or  pattern  recognition,  or  region  definition,  or  ad 
Inf  Ini  turn.  These  reasons  have  serious  ramifications  for  feature  extraction 
and  consequently  for  data  base  construction;  they  cost  money.  They 
cost  money  In  the  sense  that  It  takes  a much  longer  time  to  extract 
the  features  manually  for  a data  base  than  might  otherwise  be  necessary; 
data  are  manipulated  by  hand  and  the  best  Information  may  not  be  obtained. 

Clearly,  a tremendous  Improvement  of  the  product  developed,  resources 
expended,  and  time  required  could  be  obtained  If  a workable  marriage  be- 
tween computer  and  Interpreter  could  be  arranged.  The  computer  Is  very 
good  at  manipulating  vast  amounts  of  data  In  short  periods  of  time;  the 
human  Is  not.  The  human  Is  beyond  comparison  when  It  comes  to  drawing 
upon  learning  experience  to  make  decisions.  The  computer  excels  at  clear- 
ly defined  repetitive  tasks,  at  statistical  analyses,  at  image  enhancements. 
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A cooperative  approach  In  which  the  human  Is  use''  > > decisions  and 
guide  the  processing  direction  of  the  softwar.,  ^n.l  the  computer  Is  used 
to  manipulate  the  data  rapidly  and  easily  and  tc  remove  the  drudge  from 
the  human  would  be  optimal  - optimal  In  the  sense  of  maximizing  the  re- 
turn for  resources  expended  and  minimizing  the  time  and  effort.  This 
cooperative  approach  Is  called  Interactive  feature  extraction  or  auto- 
mated feature  extraction  (not  automatic  feature  extraction  since  this  Is 
impossible  with  the  state  of  the  art  available  today). 

The  concept  of  Interactive  feature  extraction  uses  the  human  for  his 
specific  strengths  and  the  computer  for  Its  specific  strengths.  In  Inter- 
active feature  extraction!  the  computer  Is  used  to  dlsplavt  enhance,  ma- 
nipulate, and  otherwise  aid  the  human  Interpreter  as  he  performs  his 
function.  Viewed  another  way,  the  human  Is  used  to  make  decisions  and 
to  guide  the  computer  In  real-time  as  the  programs  run.  Interaction  can 
be  accomplished  by  giving  the  Interpreter  a few  basic  tools  with  which 
to  communicate  his  decisions  to  the  computer;  a keyboard  for  commands,  a 
Joystick  for  direct  specification,  and  an  Interactive  graphics  display 
are  probably  the  minimum  to  be  provided.  Given  these  capabilities,  the 
data  base  can  be  built  directly  as  the  feature  Information  Is  processed 
and  decisions  are  made.  Boundorles  seporating  different  regions  can  be 
specified  directly  by  the  Interpreter  and,  while  the  human  Is  analyzlnq 
the  next  problem  area,  the  computer  can  build  the  symbolic  data  base  Im- 
mediately and  display  the  results.  Depending  upon  the  level  of  sophisti- 
cation of  the  Interactive  software  and  of  the  computer  and  display  com- 
plex, tremendous  savings  of  resources  and  Improvements  In  efficiency  and 
quality  of  the  finished  product  are  hypothesized.  Given  an  Interactive 
feature  extraction  system,  special  emphasis  could  be  bullt-tn  to  maximize 
the  use  of  the  Intelligence  data  normally  available  from  which  to  define 
the  geometry,  dielectric  properties,  and  elevation  data  which  are  re- 
quired to  support  radar  Image  simulation. 

The  last  philosophy  to  be  discoursed  upon  here  concerns  the  need 
for  empirical  backscatter  date  and  theoretical  scattering  models  to  sup- 
port radar  simulation.  Backscatter  data  needs  to  be  collected  for  as 
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much  of  the  terrestrial  envelope  at  as  many  microwave  frequ'ncles  and 
polar! z't Ions  as  required  by  the  uses  for  which  simulated  radar  Images 
are  desired.  If  radar  Image  simulation  Is  going  to  be  used  Increasing- 
ly, reliance  on  existing  smalt  programs  and  the  mission  objectives  of 
many  agencies  to  collect  data  for  specific  programs  Is  Ill-founded.  It 
will  require  many  years  and  good  luck  for  this  need  for  backscatter  data 
to  be  fulfilled  In  this  way. 

A program  to  collect  the  data  required  by  the  radar  Image  simula- 
tion problem  Is  needed.  Radar  Image  simulation  needs  empirical  back- 
scattor  data  for  a multitude  of  i'requencles  and  polarisations  of  all 
classes  of  terrestrial  features.  These  data  should  be  collected  for 
as  many  seasonal  variations  of  each  category  as  Is  practical.  In  addi- 
tion to  collecting  the  data,  the  program  must  also  process  the  data. 

These  data  will  have  to  be  organized,  catalogued,  and  filed. 

Empirical  data  are  not  enough.  Theoretical  electromagnetic  scatter- 
ing studies  should  be  developed  to  extend  and  extrapolate  the  measured 
data  for  the  cases  which  are  net  measured.  It  Is  not  reasonable  to  ex- 
pect to  measure  backscatter  data  for  all  permutations  of  the  variables 
There  are  too  many  combinations.  This  Is  where  theoretical  studies  show 
the  I r value. 

These  data  and  studies  are  essential  to  support  present  and  future 
radar  simulation  applications.  It  Is  our  belief  that  radar  simulation 
will  be  an  Important  engineering  tool  In  future  defense  programs.  If 
this  becomes  the  case,  these  data  and  studies  will  attain  high  Importance 
and  priority.  We  possess,  today,  the  opportunity  to  exercise  a little 
foresight  by  starting  this  work. 
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1 . 0 S UMMARY  AND  RESULTS 


1 . 1 Introduction 

A Radar  Simulation  Study  was  performed  to  test  the  Point  Scattering 
Radar  Image  Simulation  Model  developed  and  reported  In  previous  work  ' , 

An  Implementation  on  the  digital  computer  of  the  Point  Scattering  Model 
was  applied  to  three  specific  problems  In  this  study,  and  the  work  per- 
formed and  results  obtained  are  reported  In  this  document.  The  three 
specific  applications  tested  In  th's  study  are:  (I)  SLAR  (Side-Looking 
Airborne  Radar)  Model  Validation;  (2)  PPI  (Plan-Position  Indicator)  Radar 
Model  Validation;  (3)  Terminal  Guidance  Applications.  In  addition  to 
the  Implementation  on  the  digital  computer  and  testing  of  these  three 
applications  of  the  simulation  model,  much  effort  was  expended  In  peri- 
pheral activities  required  to  support  the  main  efforts.  Principle  of 
these  was  data  base  construction  with  emphasis  on  feature  extraction 
methods  and  techniques.  Since  these  activities  are  of  critical  Impor- 
tance to  successful  Implementation  of  radar  simulation  models  and  to 
successful  utilization  of  these  models,  the  contents  of  this  document 
are  extended  to  report  these  support  activities,  also, 

The  scope  of  the  work  performed  In  the  Radar  Simulation  Study  was 
limited  by  budgetary  and  manpower  resources  considerations  to  testing  the 
Point  Scattering  Radar  Image  Simulation  Modal  against  one  specific  geo- 
graphical area.  The  three  applications  (SLAR,  PPI,  and  Terminal  Guidance) 
of  the  simulation  model  were  each  tested  against  this  one  area.  The 
area  selected  for  this  test  of  the  simulation  modnl  was  the  topographic 
region  In  the  states  of  Tennessee,  Alabama,  and  Mississippi,  centered 
on  the  northwest  corner  of  the  powerhouse  at  the  Pickwick  Landing  Dam, 
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Tennessee.  The  SLAR  and  PPI  validation  work  was  limited  to  forming  a 
sequence  of  radar  Image  simulations  from  two  different  look  directions 
of  selected  subregions  of  the  Pickwick  test  site  and  comparing  these 
simulated  radar  Images  to  real  Images  (of  the  same  regions)  having  the 
same  look  directions.  The  terminal  guidance  work  was  limited  to  produc** 
Ing  reference  scenes  of  the  Pickwick  site  from  one  altitude  for  Input 
to  the  Correlatron.  The  data  base  construction/  feature  extraction  work 
was  limited  to  preparation  of  two  data  bases  of  the  Pickwick  site:  (1) 
Data  base  for  SLAR  and  PPI  validation  work;  (2)  Data  base  for  Terminal 
Guidance  work. 

The  Point  Scattering  Radar  Image  Simulation  Method  rigorously 

models  the  relationships  and  Interrelationships  of  the  radar  system, 

ground  scene,  and  Image  medium.  The  general  model,  as  reported  and 

1 2 

Implemented  on  the  digital  romputer  by  Holtzman,  et  al.  ' can  be 
used  In  a wide  variety  of  applications.  It  can  be  used  to  simulate 
the  Image  products  of  different  radars  and  the  radar  return  properties 
of  different  scones.  Both  SLAR  and  PPI  Image  formats  can  be  simulated. 
The  general  simulation  model  Is  mathematically  rigorous  and,  therefore, 
is  applicable  to  simulate  the  image  products  of  an  Imaging  radar  for  any 
scene  providing  only  that  the  transfer  ^unction  be  known  (and  modeled) 
and  providing  that  the  geometric  and  dielectric  properties  of  the  ground 
scene  are  adequately  modeled. 

The  simulation  model  Incorporates  the  operating  parameters  (fre- 
quency, polarization,  resolution,  scan  format,  etc.)  and  transfer 
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Correlatron  Is  the  name  of  a two-dimensional  cross-correlat ion  measuring 
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Installed  In  a test  configuration.  v-orreiatron 
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function  of  the  system  whose  image  products  are  to  be  simulated.  The 
niodel  of  the  system  operates  on  a representation  of  the  terrain  that  is 
a digital  model  of  the  ground  scene.  The  ground  scene  model  (hereafter 
referred  to  as  a ground  truth  data  base  or,  simoly,  as  & iata  base) 
required  in  this  work  was  a digital  matrix  which  specified  the  hack- 
scatter  category  (radar  return  category)  and  elevation  of  uach  point  cn 
the  ground  In  the  scene.  The  data  base  contains  all  the  basic  scene 
specific  data  the  simulation  model  requires.  The  data  base  nr)vldes 
the  necessary  information  for  the  simulation  model  to  calculate  all 
the  imaging  parameters  (range,  angle  of  tncidunce,  slope,  local  ar.gie  of 
incidence,  etc.).  It  also  specifies  the  backscatter  category  of  each 
point  on  the  ground. 

To  complete  the  calculation,  the  model  requires  backscatter  data 
for  each  category  Identified  in  the  scene.  Typ>'‘»11y,  In  all  the 
simulation  work  using  the  Point  Scattering  Model,  this  data  requ'rr-ment 
is  satisfied  by  theoretical  scattering  models,  or  by  empirical  oi  '.sr- 
entlal  scattering  cross-section  (o“)  data.  the  empirical  data  come 
either  from  existing  data  banks  such  as  the  aqrtcul tural/soi I moisture 
backscatter  dnta  bank  being  developed  at  RSL^  or  from  the  literature. 
Radar  Images,  themselves,  have  not  been  tapped  as  a source  for  these 
data  ^or  several  reasons:  (l)  Ttie  necessity  of  calibrating  the  receiver 
response;  (2)  Most  work  done  has  been  aimed  at  establishing  the  validity 
of  the  model  and  techniques,  and  it  was  deemed  improper  to  use  3 radar 
image  of  a particular  backscatter  category  to  "simulate"  that  same 
category.  After  presenting  the  simulation  model  (of  a specific  radar) 
with  both  the  data  base  (of  a specific  scene)  and  backscatter  data  (for 
the  categories  in  that  scene)  the  model  calculates  the  fraction  of 
energy  reradlated  back  to  the  radar,  processed  by  the  receiver.  Incident 
on  the  Image  medium  (film),  and  finally,  the  density,  (transmittance) 


Bush,  T.F.  and  F.T,  Ulal-y,  "Fading  Characteristics  of  Panchromatic  Radar 
Backscatter  from  Selected  Agricultural  Targets,"  IEEE  Trans.  Geoscl. 
Electron. . Vol.  GE-13,  October  1976,  pp.  1^3-157. 


3 


between  black  and  white  (called  qreytone),  of  each  pixel  (picture  ele* 
ment)  In  the  image  (simulated  radar  Image  of  that  scene). 

The  Point  Scattering  Radar  Image  Simulation  model  is  applicable 
equally  well  to  scenes  of  terrain  having  little  or  no  relief  as  well  as 
to  scenes  having  significant  relief.  The  model  Is  applicable  over  a 
wide  range  of  radar  resolutions.  This  range  extends  from  high  resolu- 
tion to  very  coarse.  The  necessary  provisions  are  only  that  there  are 
enough  independent  scatterers  on  the  ground  In  each  resolution  element 
of  the  radar  being  modeled  for  the  averaging  properties  of  the  radar 
equation^  to  hold  and  provided  also  that  proper  account  be  Included  In 
the  soFtwari:  Implementation  of  the  model  of  the  dependence  of  the  Image 
on  adjacent  resolution  elements  (resolution  cells).  Equally  Important 
Is  the  necessity  to  model,  commensurate  with  the  radar  resolution,  the 
topography  and  dielertric  properties  of  the  ground  from  which  It  Is  de- 
sired to  produce  a simulated  radar  Image.  Most  topography  can  be  model- 
ed as  collections  of  homogeneous  regions  v/hlch  are  typically  larger  than 
the  resolution  element  of  the  radar  system  being  simulated.  Regions  of 
this  type  are  called  distributed  targets. 

Distributed  targets  are  simulated  very  well  by  the  point  scatter- 
ing method  and  have  several  very  important  practical  considerations.  They 
simplify  the  task  of  constructing  ground  truth  data  bases  and  are  the 
basis  for  using  empirical  data  banks  of  differential  scattering  cross- 
sections  (backscatter  data  - a”)  as  the  Input  data  to  completely  specify 
(within  the  limitations  of  the  accuracy  of  the  data  and  satisfaction  of 
the  statistics  controlling  their  use)  the  dielectric  properties  of  the 
objects  and  features  on  the  ground.  Typically,  for  the  radars  of 
interest  in  this  study , man-made  objects  and  features  can  not  be  modeled 
as  distributed  targets;  they  are  called  cultural  targets.  Just  as  they 
cannot  be  modeled  as  distributed  targets,  neither  are  they  easily 
simulated  by  the  point  scattering  simulation  method.  Cultural  targets 
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are  more  amenable  to  simulation  by  the  Area  Spatial  Filtering  simulation 
method  reported  by  Frost,  et  al^.  An  optimum  radar  Image  simulation 
model  would  be  a hybrid  combination  of  the  point  scattering  method  for 
distributed  targets  and  the  Area  Spatial  Filtering  method  for  cultural 
targ<.  However,  testing  and  validation  of  the  area  spatial  filtering 
method  Is  not  reported  here.  In  this  work,  cultural  targets  have  been 
Included  symbolically  In  the  ground  truth  data  bases  and  have  been  simu- 
lated symbol  leal ly. 

Implicit  In  all  of  ouF  previous  work,  whether  or  not  explicitly  stated, 
was  the  fact  that  the  systems  being  modeled  were  "Ideal".  Tb<i  radar 
system  was  modeled  as  though  It  were  a perfect  system;  the  antenna  pat- 
tern was  "Ideal";  It  was  a col  lection  of  "perfect"  homogeneous  regions 
which  Ideally  fit  the  simulation  model  and  backscatter  data  require- 
ments, plus  cultural  targets.  These  homogeneous  regions  reradlated 
energy  exactly  as  described  by  a°.  The  Image  medium  was  modeled  as 
linear  over  Its  entire  dynamic  range.  All  of  these  assumptions,  and 
more,  have  been  made  In  previous  work  In  the  Interests  of  computational 
efficiency.  As  can  be  seen,  they  are  not  restrictive  assumptions.  The 
results  produced  using  these  premises  were  generally  better  than  If  "real- 
world"  processes  had  been  modeled  exactly.  The  test  of  a model  Isn't 
the  degree  to  which  each  subcomponent  matches  the  "real-world",  but  is 
the  degree  to  which  final  results  resemble  the  actual  products  of  real 
systems.  The  result  . produced  have  been  excellent,  arguing  that  "per- 
fect" systems  represent  a good  starting  point  for  radar  simulation. 

Up  to  now,  the  radar  simulation  work  has  concentrated  on  refine- 
ment of  the  model  and  efficient  software  Implementations  of  the  real 
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was  the  fact  that  the  systems  being  modeled  were  "Ideal".  The  radar  system 
was  modeled  as  though  It  were  a perfect  system;  the  antenna  pattern  was 
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simulation  model  and  backscatter  data  requirements,  plus  cultural  targets. 
These  homogeneous  regions  reradlated  energy  exactly  as  described  by  o°. 
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All  of  these  assumptions,  and  more,  have  been  made  In  previous  work  In 
the  Interests  of  computational  efficiency.  As  can  be  seen,  they  are  not 
restrictive  assumptions.  The  results  produced  using  these  .'iremlsos  were 
generally  better  than  if  "real-world"  processes  had  been  modeled  exactly. 
The  test  of  a model  Isn't  the  degree  to  which  each  subcomponent  matches 
the  "real-world",  but  Is  the  degree  to  which  final  results  resemble  the 
actual  products  of  real  systems.  The  results  produced  have  been  excel- 
lent, arguing  that  "perfect"  systems  represent  a good  starting  point  for 
radar  simulation. 

Up  to  now,  the  radar  simulation  work  has  concentrated  on  refinement 
of  the  model  and  efficient  software  Implementations  of  the  rrsal  processes 
being  modeled.  With  the  work  presented  in  this  report,  the  transition 
is  made  from  development  to  validation  and  to  application,  with  this 
transition  comes  the  necessity  for  sophistication  and,  where  required, 
the  system  configuration  being  simulated  Is  Included  In  the  model.  The 
goal  of  the  v^ork  reported  in  this  Hocument  has  been  to  lesc  and  validate 
the  point  scattering  simulation  method  by  direct  appllcitions  of  the 
mode'  to  specific  scenes  and  comparison  of  the  results  sith  real  Imagery 
of  the  same  scene.  All  activities  have  been  directed  toward  attaining 
that  goal. 

1 . 2 Summary  of  Work 

Successful  completion  of  the  Radar  Simulation  Study  requl’ed  cocr- 
illnatlon  of  many  different  activities  and  interdisciplinary  cooperation. 
Many  diverse  talents  were  -equlred  by  the  different  fncets  of  the  work. 


These  talents  were  found  In  geographers,  electrical  engineers,  botanists, 
and  computer  scientists,  the  results  produced  are  a tribute  to  the 
team  of  Individuals  who,  togethe**,  performed  this  work.  The  complexity 
of  the  work  performed  Is  shown  in  Figure  1. 

This  figure  shows  the  Intorrelatlonships  amcnq  the  types  of  work 
done  and  It  shows  the  flow  of  work.  Five  different  kinds  of  work  are 
shown  In  this  figure.  First,  the  effort  required  to  develop  data 
bases  Is  shown  conceptually  In  the  lower  right  hand  corner  of  the 
figure.  Next,  in  a clockwise  direction,  It  the  work  performed  to 
obtain  the  baukscatter  data  which  were  required  to  model  the  radar 
return  properties  of  the  ground.  In  the  lower  left  hand  corner,  the 
study  of  automated  and  Interactive  feature  extraction  techniques  Is 
shown.  Fourth,  In  the  upper  left.nand  corner.  Is  the  modal Ing  and 
software  Implementation  work.  Fifth,  In  the  upper  right  hand  corner,  Is 
the  work  performed  to  produce  the  radar  Image  simulations  and  validations, 
and  the  Correlatron  tests.  Figure  I Is  a conceptual  block  diagram 
of  all  the  work  performed  and  the  relationships  between  disciplines 
and  types  of  work.  This  figure  Is  designed  to  give  a mental  picture 
of  the  work  and  services  provided  under  this  contract  so  that  In 
succeeding  sections,  when  a task  Is  referred  to,  a mental  Image  of  that 
task  and  Its  relationships  toother  tasks  Is  visualized.  The  figure 
Is  not  designed  to  Impart  more  information  than  that.  In  porticular, 
this  report  Is  not  structur'ed  according  to  Figure  I.  The  report  Is 
structured  according  to  results,  not  work  performed.  In  fact;  It  will 
be  seen  in  the  sections  that  follow  that  most  of  the  work  shown  in 
Figure  I Is  required  to  produce  each  different  set  of  results.  Thus, 
as  a conceptual  model.  Figure  1 represents  the  flow  of  work  for  each 
task  performed. 

Recall  that  the  purpose  of  the  work  performed  under  this  contract 
was  to  apply  the  Point  Scattering  Radar  Image  Simulation  Node)  to  three 
specific  applications:  (I)  SLAR  Model  Validation;  (2)  PPI  Radar  Model 
VaMdutlon;  (3)  Terminal  Guidance  Applications.  The  report  is  organized 
to  report  the  results  of  these  three  tests  plus  the  dat  ba.se  construction/ 
feature  extraction  work.  Since  the  report  Is  organized  along  these  four 
distinct  activities,  the  work  Is  summarized  also  along  tfieni. 
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Figure  1 . Concephiol  Block  Diogrctm  and  Flow  of  Work  Performed 


1.2.1  Summary  of  Work  - SLAR  Validation 


The  general  Point  Scattering  Radar  Image  Simulation  Model  was 
validated  for  the  specific  case  of  a SLAR  having  medium  resolution. 

The  simulation  model  was  modified  as  required  to  simulate  the  Image  pro- 
ducts of  a SLAR.  Normally,  when  modeling  a system,  calibrated  system 
data  and  transfer  functions  are  used  to  develop  the  characteristics 
which  approximate  "real-world"  events.  In  this  case  this  was  undeslr- 
eSle.  For  validation,  It  was  desirable  to  model  a "perfect"  system,  for 
the  best  results  obtainable.  Modeling  a "real"  system  (I.e.,  one  having 
performance  deficiencies)  would  only  degrade  the  results  produced. 

To  stress  the  point,  we  wunt  to  differentiate  between  validating  the 
basic  simulation  method  (which  is  what  this  task  Is  all  about)  and 
validating  the  model  of  a specific  radar  (which  can  easily  be  done  after 
this  first  step).  Therefore,  the  general  simulation  model  was  trans- 
formed to  the  system  configuration  of  a "perfect"  SLAR:  Antenna  pattern, 
transmitter,  receiver,  ground  and  film  were  all  assumed  to  be  "Ideal". 

For  validation  purposes,  the  antenna  pattern  was  assumed  to  have 
constant  gain  In  the  azimuth  direction  out  to  the  "3  dB"  points  and  to 
lack  sidelobes.  The  transmitter  was  assumed  to  produce  "perfect"  pulses, 
and  the  receiver  was  assumed  linear.  The  ground,  for  data  base  purposes, 
was  modeled  as  a collection  of  "perfect"  homogeneous  regions  which  re- 
radlated  energy  exactly  as  described  by  a°  data.  The  film  was  assumed 
to  be  linear  over  Its  entire  dynamic  range  with  "perfect"  exposure  and 
development  and  without  compression  at  either  high  or  low  densities 
within  the  linear  portion  of  the  dynamic  range.  All  of  these  character- 
istics were  Incorporated  Into  the  simulation  model  and  an  implementa- 
tion was  designed  for  the  digital  computer.  Within  the  limitations 
Imposed  by  modeling  a "perfect"  SLAR,  complete  generality  was  retained. 
The  digital  computer  program  realization  of  this  model  was  structured 
to  allow  rapid  alterations  to  be  made  in  the  specification  of  radar,  or 
other,  parameters  (so  long  as  the  modeled  radar  was  a SLAR)  and,  there- 
fore, Is  most  useful  for  radar  Image  simulation  studies.  This  computer 
program,  when  it  Includes  the  necessary  parameters  foil  a particular 
radar  flying  at  a specified  altitude  over  a desired  ground  track,  and 
when  It  Includes  the  parameters  of  the  mechanism  by  which  the  visual 


9 


record  Is  to  be  produced,  and  when  It  includes  the  backscatter  and  geo- 
metric properties  of  the  scene  to  be  formed,  becomes  the  vehicle  for  pro- 
ducing the  simulated  Image  products  of  a specific  radar  system.  The  vali- 
dation of  the  SLAR  simulation  model  was  performed  on  Images  produced  by 
this  computer  program. 

A qualitative  vaildetlon  was  performed  on  these  results.  Validation 
was  accomplished  by  comparing  the  simulated  SLAR  Images  to  real  SLAR  images 
of  the  same  site.  The  format  of  the  validation  was  straight-forward.  A 
site  was  selected  for  which  real  SLAR  Imagery  of  satisfactory  resolution 
could  be  obtained.  A data  base  was  constructed  of  this  site  for  Input 
to  the  SLAR  simulation  computer  program.  The  data  base  was  rotated 
as  necessary  to  match  the  flight  lines  of  the  real  Imagery.  Images 
were  produced  from  the  data  base  of  the  validation  site  by  the  simula- 
tion computer  program  v/ith  the  model  parameters  set  to  simulate 
the  response  of  a medium  resolution  radar  having  the  same  operating 
frequency  and  polarizations  as  the  real  system.  Empirical  backscatter 
data  were  used  to  model  the  dielectric  properties  of  the  distributed 
targets  In  the  data  base.  These  simulated  radar  Images  were  then  com- 
pared to  the  real  images  and  the  quality  of  the  simulation  model  was 
qualitatively  measured.  The  comparisons  established  a baseline  of 
quality  for  the  radar  image  simulation  model.  In  short,  the  validation 
phase  of  the  SLAR  simulation  model  was  very  successful.  The  model  pro- 
duced images  which  compared,  In  general,  in  a superior  manner  with  the 


real  Images.  Specific  discrepancies  occurred.  These  discrepancies  : i 

were  generally  attributable  to  one  of  four  classosr  (1)  Features  u | 

\ I 

not  Included  or  Incorrectly  specif  led  in  the  data  base  model  of  the  scene;  ■ | 

I i 

(2)  Backscatter  categories  which  cannot  be  modeled  simply  by  the  differ-  | 


(1)  and  (2)  account  for  nearly  a1 ! the  discrepancies  noted.  These  four 
classes  of  "error"  are  not  limitations  of  the  quality  of  the  Images 
which  can  be  produced  by  the  simulation  model.  They  are  errors  of  input 
data  specification.  They  Indicate  that  more  input  information  Is  re- 
quired) and,  given  these  data.  It  Is  reasonable  to  expect  the  model  to 
produce  results  without  these  errors. 

In  general,  the  comparisons  were  very  favorable.  In  fact,  we  have 
noted  on  numerous  occasions  that  people  with  real  radar  Image  familiarity 
and  experience  believed  that  they  were  seeing  an  Image  from  a real  system. 
They  were  surprised  when  told  It  was  a simulated  Image  produced  on  a 
digital  computer.  This  comment  speaks  more  eloquently  for  the  quality 
of  images  produced  by  the  point  scattering  simulation  method  than  the 
attempts  to  objectively  measure  the  quality.  The  validation  work  on 
the  SLAR  simulation  Is  reported  In  Section  2. 

1.2.2  Summary  of  Work  - PPI  Validation 

The  general  model  of  the  Point  Scattering  Radar  Image  Simulation  Model 
was  validated  for  the  specific  case  of  a PPI  radar  having  medium  resolution. 
The  simulation  model  was  transformed  as  required  to  simulate  the  Image  pro- 
ducts of  a PPI  radar.  A computer  program  was  built  incorporating  the 

realization  of  the  PPI  radar  and  the  model  was  vulidated  In  the  same  way 
that  the  SLAR  was.  Just  as  the  SLAR  model  was  constructed  for  a "per- 
fect" radar  system,  so  was  the  PPI  configuration  modeled  after  a "per- 
fect" system.  All  the  comments  about  the  model,  the  data  base,  and  the 
backscatter  data  made  In  the  case  of  the  SLAR  (1.2.1)  apply  here. 

Several  differences  existed,  however,  In  the  PPI  validation.  The 

principle  difference  is  that  real  PPI  images  of  the  validation  site  did 
not  exist.  Th's  prompted  a different  approach  for  validation,  an  In- 
direct approach.  Validation  was  accomplished  by  comparing  the  simulated 
PPI  'mages  to  both  the  real  and  simulated  SLAR  images.  This  approach 
was  mutually  agreed  upon  by  both  the  RSL  and  ETL  In  view  of  the  lack  of 
real  comparison  PPI  Imagery.  This  comparison  could  be  performed  only 
for  small  sectors  of  each  SLAR  image  at  a time  since  only  a small  angular 
range  Is  coincident.  All  the  basic  steps  outlined  for  the  SLAR  validation 
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were  performed  for  the  PPI  validation.  A number  of  simulated  PP I Images 
were  produced  from  the  same  data  base  of  the  validation  site  as  was  used 
for  SLAB.  The  only  differences  were  caused  by  the  necessity  to  convert  the 
rectangular  SLAB  data  base  Into  a polar  PPI  data  base.  The  simulation 
computer  program  was  set-up  to  simulate  the  Image  response  of  a medium 
resolution  PPI  having  the  same  operating  frequency  and  polarization  as 
the  real  and  simulated  SLAB  Images.  Images  were  produced  by  this  computer 
program  operating  on  the  polar  data  base  of  the  validation  site  and  using 
empirical  backscatter  data  for  the  distributed  targets.  These  simulated 
radar  Images  were  then  compared  to  the  real  and  simulated  SLAB  Images  of 
the  same  site  and  the  quality  of  the  simulation  model  was  qualitatively 
measured.  The  comparisons  established  a baseline  of  quality  for  the  radar 
Image  simulation  model , albeit  the  comparisons  were  less  direct  for  PPI 
than  for  SLAB.  The  model  produced  Images  which  compared  extremely  favor- 
ably with  the  comparison  Images.  The  discrepancies  Identified  fit  Into 
the  same  four  general  classes  enumerated  for  SLAB.  All  of  the  basic  com- 
ments made  for  SLAB  apply.  The  point  scattering  method  produced  simulated 
PPI  radar  Images  which  compared  extremely  well,  within  the  limitations  Im- 
posed by  a lack  of  real  PPI  Images  for  comparison,  with  the  real  and  slniu- 
lated  SLAB  Images.  It  should  be  pointed  out  that  the  reason  the  simulated 
PPI  Images  were  compared  to  both  the  real  and  simulated  SLAB  Images  was 
to  better  qualify  differences.  Had  a difference  arisen  In  comparing  the 
simulated  PPI  to  the  real  SLAB  images,  It  would  not  have  been  possible 
to  conclude  very  much  about  the  PPI  simulation  model.  No  such  instances 
were  detected.  With  these  Images,  It  was  concluded  that  the  simulation 
model  performs  exceptional 'y  well.  The  validation  work  on  the  PPI 
simulation  Is  reported  In  Section  3. 

1.2.3  Summary  of  Work  - Terrain  Guidance  Applications 

The  general  Point  Scattering  Badar  Image  Simulation  mod*']  was  applied  to 
a Terminal  Guidance  problem.  The  problem  selected  was  a guidance 
device  which  used  area  correlation  between  a stored  simulated  raaar 
Image  (called  a reference  scene)  and  a "live"  radar  Image  of  the  same 
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scene.  The  device  which  produced  the  area  correlation  was  an  elec- 
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tronic  "black  box"  called  a Correlatron  . The  Correlatron  used  In  this 
work  was  located  at  ETL.  This  meant  that  reference  scenes  v.'ere  formed 
at  RSL,  stored  on  digital  magnetic  tape,  and  sent  to  ETL.  There  the 
reference  scenes  were  read  from  the  tapes,  formatted  properly,  and 
converted  Into  the  right  reference  scene  storage  medium  (35mm  film),  and 
Input  to  the  Correlatron.  Finally,  the  area  correlation  test  was 
run.  As  of  this  date,  final  results  of  this  test  are  pending.  Pre- 
liminary results  Indicate  very  satisfactory  operation. 

This  application  oP  the  radar  simulation  model  was  Important  for  two 
basic  reasons:  (I)  The  results  of  the  area  correlation  test  would 
represent  a quantitative,  not  qualitative,  measurement  of  the  "goodness" 
of  the  Point  Scattering  Radar  Image  Simulation  Model;  (2) It  represented 
the  first  application  which  requi reddeparture  of  the  model  configura- 
tion from  the  "perfect"  system  model  of  all  previous  work.  The  results 
would  be  quantitative  In  the  sense  that  the  determination  of  quality 
("goodness")  was  to  be  made  by  the  Correlatron,  not  by  Image  Interpre- 
ters or  by  comparisons  to  other  Images  made  by  humans.  Up  until  this 
application,  quality  assessments  of  the  Images  formed  by  the  radar 
simulation  model  were  all  subjective.  Tliey  relied  upon  qualitative 
comparisons  to  real  imagery  and  appealed  to  visual  assessments  of  "how 
good"  they  were  for  determination  of  quality.  As  of  this  juncture, 
at  least  one  quantitative  validation  of  the  simulation  model  has  been 
performed. 

The  system  being  modeled  for  this  application  consisted  of  the  radar 
system,  the  ground  scene,  the  Correlatron,  and  Image  (reference  scene) 
storage  medium.  This  task  represents  the  first  application  of  the 
radar  simulation  method  to  model  "real-world"  processes-  Modeling  "real- 
world"  processes  was  necessitated  by  the  nature  of  the  system  being 


^ Klass,  Philip  J.,  "Guidance  Device  Set  for  Pershing  Tests,"  Aviation 
Week  and  Space  Technology,  May  12,  1975. 


13 


modeled.  The  Correlatron  measures  the  tw/o-dimenslonal  cross-correln- 
tlnn  bt.tween  the  reference  scene  (simulated  radar  Image)  and  the  real 
scene.  By  definition,  the  cross-correlation  Is  a measure  of  the  degree 
that  one  scene  Is  similar  to  the  second  (In  this  application,  that  Is 
what  the  cross-correlation  measures).  This  means  that  the  radar  simu- 
lation configuration  needed  to  model,  as  closely  as  possible,  the  "real- 
world"  processes  of  the  operating  system  to  minimize  differences. 

Not  all  operating  parameters  and  characteristics  of  the  reel  system 
were  known.  Only  the  most  Important,  basic,  set  of  parameters  were  known. 
Throughout  this  work  the  success  criteria  built  Into  the  Correlatron 
were  unknown  hy  us.  The  barest  of  essential  Information  was  available 
to  us  about  the  terminal  guidance  system.  This  task  has  largely  been 
one  of  Inferring  second-order  effects  and  operating  specifications  given 
a few  first-order  effects  and  prime  parameters.  What  this  means  Is  that 
the  reference  scone  model  Implementation  developed  only  departed  from 
the  "perfect"  system  configuration  for  a limited  set  of  "most  Important 
effects.  The  reference  scene  software  Implementation  was  not  developed 
to  be  an  exact  replica  of  the  real  system, 

The  reference  scene  model  developed  for  this  task  accounted  for 
the  Important  "real-world"  aspects  of  the  radar,  ground  scene,  end 
Correlatron  system.  The  radar  used  In  this  system  was  a PPI  with  several 
unusual  operating  features;  (l)  The  Image  scan  format  was  set  at  a full 
360“,  Instead  of  the  usual  90“  sector  associated  wl th  PPI;  (2)  The 
near  range  angle  of  Incidence  was  set  at  35*  and  the  far  range  at  65“; 

(3)  The  resolution  of  theradar  was  purposely  set  very  coarse  (the  antenna 
beamwidth  was  very  wide  and  the  pulse  was  very  long)  requiring  special 
resolution  considerations  and  averaging;  (!<)  The  polarisation  selected 
was  one  for  which  little  empirical  data  were  aval lable; (5)  The  data 
were  recorded  In  the  ground  range  mode.  These  special  characteristics 
were  Incorporated  Into  the  simulation  model.  All  the  rest  of  the  radar 
parameters  were  chosen  as  a "perfect"  system.  These  Included: 

(1)  The  transmitter  was  assumed  to  produce  "Ideal"  pulses;  (2)  The 
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receiver  was  assumed  to  be  linear;  (3)  The  antenna  pattern  was  assumed 
to  be  "Ideal"  with  no  deqradations  and  no  sidclobes. 

The  reference  scene  format  was  dictated  by  special  considerations 
of  both  the  radar  system,  center  and  omni-dl rectlonal  approach  of  the 
"live"  PPI  video  data  with  respect  to  the  reference  scene,  and  the  Cor- 
relatron.  These  "real-world"  considerations  were  modeled  and  Implemented 
In  the  digital  computer  program  developed  to  form  reference  scenes.  Among 
these  effects  were  such  Items  as:  (1)  The  reference  scene  was  made  larger 
than  th-s  real  PPI  scene  to  allow  for  centering  errors;  (2)  The  reference 
scene  was  continuous  and  did  not  have  the  "altitude  hole"  present  In  the 
real  PPI  data;  (3)  Angles  of  Incidence  (radar  angle  of  Incidence)  In  the 
reference  scene  were  strictly  kept  In  the  range"  of  3''”  to  regard- 
less of  what  the  actual  geometry  dictated. 

The  data  base  was  constructed  fora  basic  resolution  much  greater 
than  the  apparent  resolution  of  the  PPI  system  seemed  to  warrant.  This 
was  done  because  so  little  was  actually  known  of  the  true  operating 
parameters  of  the  PPI.  It  turns  out  that  this  was  a wise  decision. 

When  first  results  were  produced  (these  results  were  photographs, 
not  Correlatron  results),  an  Immediate  problem  was  apparent  to  us.  The 
scene,  for  simulation  purposes,  had  been  degraded  to  the  size  of  radar 
resoljtlon  cells  (determined  by  antenna  beamwldth  and  pulse  length) 
and  these  cells  were  assumed  to  represent  sufficient  Independent  samples 
of  the  scetce,  just  as  In  all  previous  work.  The  problem  which  rapidly 
manifested  Itself  was  that  the  resolution  of  the  PPI  was  "coarse"  while 
the  previous  systems  modeled  had  "medium"  resolution.  This  approach  to 
determine  the  size  of  Independent  samples  of  the  scene,  while  It  works 
well  for  "medium"  resolution  radars  (Section  1.4),  breaks  down  for 
"coarse"  resolution  radars;  It  undersamples  the  scene.  Since  the  basic 
data  base  had  been  constructed  for  much  finer  resolution  than  at  first 


The  angle  of  Incidence  referenced  Is  the  angle  formed  by  the  local  ver" 
tica)  from  the  antenna  to  the  ground  and  the  "effective"  boresight  to 
each  resolution  cell.  This  Is  the  angle  which  was  kept  In  the  specified 
range.  Local  variations  of  the  slope  of  the  terrain  altered  this  angle 
to  the  effective  "local  angle  of  Incidence,"  as  Is  normally  done. 
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seemed  warranted  given  the  apparent  radar  resolution,  It  was  possible 
to  modify  the  reference  scene  software  to  simulate  the  scene  at  a finer 
resolution  and  then  to  average  a specified  number  of  these  new,  "Inde- 
pendent looks,"  We  did  not  have  an  antenna  pattern  for  the  PPI  to 
Incoroorate  into  this  change,  so  a "perfect"  pattern  was  assumed.  New 
reference  scenes  were  produced  and  photographed.  These  photographs  Indi- 
cate chat,  within  the  limitations  Imposed  by  the  assumption  of  a rec- 
tangular a?Imuth  and  csc^  B cosB  lange  antenna  pattern,  the  reference 
scenes  are  qualitatively  correct;  they  "look"  good. 

"Inally,  the  backscatter  data  {a^')  required  to  model  the  "radar 

return  properties"  (dielectric  properties)  of  the  various  "microwave  (or 

radar)  categories"  Identified  to  be  In  the  test  scene  and  specified  In 

the  dito  base  were  obtained.  These  data  were  obtained  from  empirical 
0 1* 

0 dauj  banks  and  from  the  literature.  They  were  not  taken  from  radar 
Images  of  the  test  site  or  of  any  other,  sIniMar,  site,'  Exact  matches 
In  the  a”  data  available  versus  what  was  required  for  the  frequency  and 
polnrlznllon  used  by  the  PPI  were  not  always  possible.  Much  effort  was 
expended  to  produce  (obtain)  d”  data  having  the  backscatter  character- 
istics Inferred  from  the  types  of  scatterers  Identified  to  be  In  the  test 
site  and  Included  in  the  scene.  Theory,  empirical  data,  and  knowledge 
and  Intuition  were  all  brought  to  bear  on  the  problem.  The  result  of 
this  effort  was  the  set  of  u°  data  used  to  form  reference  scenes  of  the 
test  site. 

Reference  scenes  have  been  produced  for  the  Pickwick  Landing  Dam 
test  site.  These  reference  scones  have  been  properly  formatted,  stored 
on  digital  magnetic  tape,  and  these  tapes  have  been  sent  to  EIL  for 
testing  on  the  Correlatron.  These  test  results  are  pending. 

Preliminary  results  Indicate  very  satisfactory  performance.  The  work 
on  this  application  of  the  Point  Scattering  Radar  Image  Simulation 
Method  Is  reported  In  Section 


Bush,  T.F.  and  F.T.  Ulaby,  "Fading  Characteristics  of  Panchromatic  Radar 
Backscatter  from  Selected  Agricultural  Targets,"  IEEE  Trans.  Geoscl. 
Electron. , Vol.  GE-13,  October  1976,  np.  Ik9-157' 
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1 . 2 . ^4  Construction  of  Data  Bases/Feature  Extraction  Techniques 

The  work  achieved  In  the  three  basic  activities  performed  under 
this  contract  required  construction  of  several  new  data  bases.  These 
data  bases  were  built  for  the  topographic  area  In  the  states  of  Alabama, 
Tennessee,  and  Mississippi  surrounding  the  Pickwick  Dam  in  Tennessee. 
Several  reasons  motivated  constructing  new  data  bases.  First,  existing 
data  bases  at  RSL  were  not  adequate  for  the  task  of  validation  of  the 
point  scattering  radar  image  simulation  method.  They  were  neither  repre- 
sentative of  a significant  '-ariety  of  features  and  objects  which  might 
generally  be  expected  to  occur  In  radar  images, nor  complex  and  detailed 
enough  for  comparison  to  real  radar  Images.  Second,  multiple  real 
radar  images  of  different  looks  were  unavailable  for  our  existing  data 
bases, 

It  was  decided  that  an  adequate  validation  test  could  be  eccomplished 
by  simulating  the  Image  products  of  medium  resolutlor  SLAR  and  PPI  radars 
(resolution  ceil  size  approximately  sixty  feet  by  sixty  feet).  Multiple 
looks  of  the  same  site  by  a real  radar  were  essential  for  comparison  to 
our  simulation  results.  Since  our  existing  data  bases  were  neither  repre- 
sentative of  the  "average"  radar  scene  nor  complex  enough  nor  contained 
sufficient  resolution  and,  since  multiple  looks  of  the  scenes  of  our 
existing  data  bases  were  not  available,  the  decision  was  made  to  build  a 
special  validation  data  base.  The  geographic  location  of  the  data  base 
was  determined  by  the  support  activities  of  the  terminal  guidan<'e  task 
( i . e. , Sect  ion  h) . 

The  terminal  guidance  task  we  performed  was  part  of  a much  larger, 
over-ail,  effort.  The  larger  effort  had  already  settled  on  tne  Pick- 
wick Landing  Dam  area  as  one  prime  test  site.  Since  it  wa-j  necessary 
to  construct  a dat?"  base  for  this  site  for  one  phase  of  this  study,  it 
was  decided  to  use  the  same  site  for  nil  phases.  The  test  site  con- 
tains sufficient  topographic  and  cultural  developmental  complexity  to 
be  appropriate  for  the  validation  phase.  Also,  multiple  looks  of  real 
imagery  were  obtained  for  this  area. 

Another  goal  existed  for  construction  of  data  bases  for  this  study, 
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evaluation  of  alternate  input  data  sources  and  construction  time  and  prob- 
lems. To  accomplish  the  first  part,  two  versions  of  a data  base  were  to 
be  bulit.  One  version  was  lo  be  constructed  using  only  optical  photographs 
and  topographic  maps,  the  other  using  only  radar  images  (to  determine 
categories)  and  topographic  maps.  The  second  part  of  the  goal  (construc- 
tion time  and  problems)  was  to  be  accomplished  by  keeping  records  and  doc- 
umenting the  problems. 

Evaluation  of  the  quality  of  data  bases  prepared  from  competing 
data  sources  was  to  be  accomplished  by  comparing  the  resultant  simulated 
radar  images  made  from  them  to  each  other  and  to  real  Images  of  the  same 
scene.  In  general,  it  was  determined  that  the  best  data  base  would  be 
built  from  a synthesis  of  radar  imagery,  optical  photographs,  and  maps. 

The  closer  the  resol ut Ion,  operatl ng  frequency , and  polarization  of  the 
source  rada*"  imagery  to  the  system  being  simulated,  the  better  the  data 
base  In  ttie  sense  that  data  contained  in  the  photographs  which  would 
not  be  necessary  for  the  data  base  (as  indicated  by  the  source  Imagery) 
could  be  eliminated  easily.  Conversely,  regions  arid  boundaries  that  do 
not  appear  on  the  photographs  and  maps  might  appear  on  the  source  radar 
imagery.  These  could  be  added  as  necessary  to  the  data  base.  Again,  it 
must  be  stressed  that  the  radar  imagery  is  used  only  to  delineate  bounda- 
ries and  categories,  not  as  a source  for  greytones. 

Bases  constructed  froni  optical  photography  provided  the  best  source 
material  for  the  principal  reason  that  geometric  distortion  was  minimized. 
Geometric  distortion  in  radar  images  presents  a real  problem  which  must 
be  treated.  When  constructing  a data  base  by  manual  techniques,  this 
problem  is  severe;  with  automated  techniques  and  a digital  computer, 
this  problem  is  expected  to  become  more  tractable.  At  any  rate,  It  was 
concluded  that  the  optical  photography  was  the  preferred  source  material. 

The  fidelity  (both  geometric  and  dielectric)  of  the  ground  truth 
data  base  is  the  basis  upon  which  final  success  is  dependent.  The  final 
simulated  radar  image  cannot  be  better  than  the  input  ground  truth  data 
base;  it  can  only  be  a degraded  version.  Constructing  data  bases  for 
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the  necessary  fidelity  Is  the  biggest  single  problem  facing  Increased 
usage  of  radar  Image  simulation.  The  term  most  often  applied  to  this  task 
is  feature  extraction.  Classical  techniques  for  feature  extraction 
are  manual  techniques.  Clearly,  a tremendous  Improvement  in  the  time 
required  to  build  data  bases  is  needed.  Part  of  this  study  focused  upon 
the  application  of  Interactive  processing  techniques  in  constructing 
data  bases.  The  marriage  between  computer  and  interpreter  was  inves- 
tigated. The  computer  Is  very  good  at  manipulating  vast  amounts  of 
data  In  short  periods  of  time  and  the  human  Is  Incomparable  when 
drawing  upon  experience  to  make  decisions.  A cooperative  approach 
in  which  the  human  is  used  to  make  decisions  and  guide  the  processing 
direction  of  the  software,  and  the  rnmF.uter  Is  used  to  manipulate  the 
data  rapidly  and  easily  and  to  remove  the  drudge  from  the  human  is 
desired.  Such  a system  Is  being  designed  at  RSL.  The  first  phases 
have  been  initiated  under  this  contract. 

Data  bases  were  constructed  and  competing  sources  of  Input  data 
and  feature  extraction  techniques  were  evaluated,  A study  was  Initiated 
to  evaluate  the  application  of  Interaction  to  data  base  construction. 

The  details  of  this  work  are  reported  In  Section  5. 


1 . 3 Summary  of  Results 


Up  to  now,  our  radar  image  simulation  wo.  k his  been  concentrated 
on  refinement  of  the  model  and  efficient  software  Implementations 
of  the  real  processes  being  modeled.  With  the  work  presented  In  this 
report,  the  transition  Is  made  from  pure  developmental  research  to 

validation  of  the  model  and  to  application  of  It  to  present  problems. 

\ ' 

With  this  transition  comes  the  necessity  for  sophistication  In  using 
the  model  and  In  applying  It  to  describe  realistic  systems  and  ''real- 
world"  processes,  and  the  door  has  opened  to  a complete  new  set  of 
problems.  These  are  the  problems  associated  with  modeling  a complete 
imaging  radar  system,  with  constructing  ground  truth  data  bases  of  real 
terrestrial  scenes,  with  forming  simulated  radar  Images  of  large  srenes 
containing  many  data  points,  with  obtaining  bacUscatter  data  for  many 
different  kinds  of  microwave  categories,  etc.  These  problems  have  been 
encountered  and  either  solved  or  worked-around  In  the  work  performed 
under  this  contract, 

This  report  should  form  a good  baseline  of  effort  for  application 
of  radar  image  simulation  (and.  In  particular,  the  point  scattering  radar 
Image  simulation  model)  to  present  and  future  problems.  The  goal  of  the 
work  reported  In  this  document  has  been  to  test  and  validate  the  point 
scattering  simulation  method  by  direct  applications  of  the  model  to 
sper.iflc  scenes  and  comparison  of  the  resuits  with  real  Imagery  of  the 
same  scene.  The  results  of  these  tests  and  validation  tasks  have  shown 
the  superior  nature  of  the  point  scattering  radar  image  simulation  model 
The  simulations  produced  clearly  show  thot  our  model  and  our  radar 
simulation  approach  produce  results  beyond  the  state  of  the  art.  In  fact, 
as  of  this  Juncture,  radar  Image  simulation  Is  no  longer  an  art,  it 
is  a science,  an  engineering  tool,  a tool  to  be  used. 

The  point  scattering  radar  Image  simulation  model  has  been  tested 
In  three  different  applications:  (1)  Validation  of  a SLAH  model  by 
comparison  of  simulated  imagery  to  reel  SLAR  imagery  of  the  same  scene; 

(2)  Vol Idation of  a PPI  model  by  comparison  of  simulated  PPI  imagery  to 
simulated  and  real  SLAR  Imagery  of  the  same  scene  (done  because  real 
PPI  Imagery  of  tha  validation  site  were  not  available);  (3)  Quantitative 
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testing  of  the  appllcationof  a PPI  model  to  a terminal  guidance  problem 
using  the  Correlotron^ . Superior  performance  of  our  radar  simulation 
model  has  been  reported  in  each  phase  of  these  tasks.  In  addition  to 
these  tests  of  our  model,  data  base  construction  and  feature  extraction 
tasks  and  studies  have  been  conducted.  Clearly,  the  date  base  construc- 
tion work  was  accurate,  as  attested  by  the  simulation  results.  Fiom 
this  work  and  our  knowledge  of  radar  Image  simulation,  a philosophical 
concept  for  an  Interactive  feature  extraction  system  Is  discussed, 

A brief  summary  of  the  results  produced,  the  work  performed,  and  the 
philosophy  developed  follows. 

l'3.l  Summary  of  Results  - SLAR  Validation 

An  assessment  of  the  composite  of  tasks  Involved  In  simulating 
Side-Looking  Airborne  Radar  (SLAR)  images  has  been  accomplished  through 
comparison  of  simulated  images  with  Goodyear  APD-10  Synthetic  Aperture 
Radar  Imagery,  The  geometric  fidelity,  textural  consistency,  and 
relative  greytone  accuracy  of  the  simulated  Images  have  been  shown 
to  be  excellent.  The  Implication  of  the  results  Is  that  not  only  are 
the  Point  Scattering  Model  and  Its  software  implementation  verified, 
but  also  the  ground  truth  data  base  and  Its  associated  elevation  and 
backscatter  content  faithfully  represent  a discrete  sampling  of  the 
Pickwick  site. 

The  capabilities  developed  as  by-products  of  the  validation  tasks 
may  be  extended  in  their  usefulness.  There  may  be  applications  In  the 
areas  of  ground  truth  data  base  construction,  scene  modeling,  image 
handling,  and  backscatter  data  acquisition  to  which  these  capabilities 
may  be  we i 1 sui ted. 

There  are  potentially  many  present  and  future  problems  In  which 
radar  Imi’ge  simulation  in  general,  and  our  model  and  approach.  In 
particular,  should  be  used.  Without  knowing  the  details  of  any  of 
these  potential  applications  we  can  Infer  from  our  research  to  date 
some  problem  areas  In  need  of  development  If  radar  simulation  Is,  in 
fact,  to  be  used.  This  validation  of  our  model  has  had  a prime  goal 
of  testing  the  model,  but  a by-product  of  this  work  has  been  to  show 
the  utility  and  versatility  of  our  model  and  its  potentlol  range  of 

^ Klass,  Philip  J.,  "Guidance  Device  Set  for  Pershing  Tests,"  Aviation 

Week  and  Space  Technology,  May  12,  1975. 
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applications,  and,  as  a result  of  performing  the  work,  has  identified 
the  kinds  of  problem  areas  we  expect  to  be  encountered  in  future  radar 
Image  simulation  applications.  These  serendipitous  results  should  not 
be  ignored.  They  should  be  implemented  and  additional  research  Into 
these  problem  areas  should  be  initiated.  Many  of  these  studies  are 
discussed  In  Section  (7*). 

1.3.2  Summary  of  Results  - PPI  Validation 

The  geometric  fidelity,  textural  consistency,  and  relative  grey- 
tone  accuracy  of  simulated  Plan-Position  Indicator  (PPl)  Images  have 
been  validated  by  comparison  to  both  simulated  and  real  SLAR  Imagery  of 
the  same  scene.  Validation  of  the  PPI  simulations  by  comparison  with 
SLAR  Imagery  was  forced  by  the  unavailability  of  real  PP'  Imagery  of  the 
same  scene.  The  simulated  PPI  radar  parameters  were  established  to 
produce  terrain  radar  images  In  the  PPI  scan  format  but  with  the  gain 
and  bias  set  to  match  SLAR  Image  quality.  Most  of  the  conments  made 
about  the  SLAR  validation  In  Section  (1.3.1)  apply  here,  to  the  PPI 
validation. 

In  addition,  the  PPI  model  was  used  to  make  reference  scenes,  so 
all  the  comments  about  quantitative  validation  of  the  model  made  In 
Section  (1.3.3)  apply  here.  This  fact  demonstrably  Improves  the  quality 
of  the  validation  performed  for  the  PPI  model. 

1.3.3  Summary  of  Results  - Reference  Scene  Simulation 

Five  reference  scenes  have  been  produced  of  the  Pickwick  Lending 
Dam  Test  Site.  These  reference  scenes  have  been  properly  formatted, 
stored  on  digital  magnetic  tape,  and  these  tapes  have  been  shipped  to 
ETL  for  testing  on  the  Correlatron’.  The  complete  test  results  are  not 
yet  available;  however,  preliminary  results  are  very  satisfactory.  The 
preliminary  results  indicate  that  In  this  test  application  (production 
of  reference  scenes  for  terminal  guidance)  our  radar  imago  simulation 
model  meets,  or  exceeds  the  success  criteria.  The  success  criteria 
developed  for  this  test  are,  at  least,  threefold:  (1)  Degree  of  cross 
correlation  between  our  reference  scene  and  the  "live"  PPI  data 
greater  than  some  threshold;  (2)  Difference  between  cross  correlation 
peak  and  the  "known"  center  of  the  "live"  data  less  than  some  maximum 
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value  ("centering"  error);  (3)  Repeatability  of  results.  We  do  not 
know  the  exact  criteria  values  that  were  used  by  ETL.  We  do  know, 
however,  that  preliminary  results  indicate  that  we  meet  or  exceed 
these  cri terla. 

The  first  criterion,  degree  of  cross  correlation.  Is  Important 
tb  the  validation  of  our  simulation  model.  Since  preliminary 
results  show  that  our  reference  scenes  meet  the  criteria,  even  without 
having  the  details  of  the  test  results  for  presentation  here,  we  can 
Infer  that  the  degree  of  cross  correlation  between  our  reference  scene 
and  the  "live"  PPI  date  of  the  same  scene  always  exceeds  the  threshold 
(.‘epeatabi  1 1 ty  Infers  "always").  This  Is  an  Important  result.  It 
means  that  our  reference  scene  of  the  test  site  Is  very  much  like  the 
real  PPI  Image  of  that  site.  This  claim  Is  further  substantiated  by 
knowledge  that  the  "centering"  error  between  our  simulated  Image  and  the 
real  image  Is  equal  to  or  less  than  the  criterion.  These  three  measure- 
ments, degree  of  cross  correlation,  location  of  the  correlation  peak, 
and  repeatability,  together  represent  a first  quantitative  validation 
of  our  model.  This  quantitative  validation  coupled  with  the  subjective 
validations  reported  earlier  (1.3.1  and  1.3.2)  combine  to  demonstrate 
that  not  only  Is  our  model  a superior  one,  but  It  Is  available  and 
can  be  applied  to  solve  present  and  future  problems. 

This  Is  emphasized  by  the  nature  of  the  task  summarized  here.  The 
task  Is  a real,  present  problem.  The  problem,  of  course,  Is  to  use 
radar  Image  simulation  to  produce  reference  scenes  for  guidance  appli- 
cations. This  problem  has  been  researched  for  some  time  now,  but 
results  haven't  been  repeatable.  Our  radar  Image  simulation  model  was 
applied  to  this  problem  and  the  results  Indicate  success  has  been 
achieved.  We  wish  to  Interject  a note  of  caution  at  this  point.  Our 
results  h.Tve  been  produced  only  for  a limited  set  of  conditions:  One 
test  site,  one  altitude,  one  radar  system  model.  More  conditions 
need  to  be  tested  before  it  can  be  claimed  that  the  problem  Is  solved. 

In  fact,  our  model  lends  Itself  exceptionally  well  to  these  kinds  of 
studies.  Now  that  we  have  achieved  preliminary  success,  the  virtues 
of  our  simulation  model  should  be  utilized  (ease  of  parameter  change  to 
test  step-wise  degradations,  etc.)  and  It  should  be  applied  to  many 
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studies  about  this  concept  of  guidance  and  the  particular  hardware 
Involved.  Doing  this  would  maximize  the  Information  return  for  the 
resources  invested  and  would  also  produce  quantitative  answers  to 
questions  which  are  presently  a puzzle. 

1.3.^  Summary  of  Results  - Data  Base  Construction/Feature  Extraction 

The  work  performed  in  the  three  basic  simulation  activities  per- 
formed under  this  contract  required  construction  of  two  new  data  bases. 

These  data  bases  were  built  for  the  topographic  area  in  the  states  of 
Alabama,  Tennessee,  and  Mississippi  surrounding  the  Pickwick  Dam  in 
Tennessee.  These  data  bases  were  built  using  high  resolution  aerial 
photographs  and  maps  as  the  Input  source  Intelligence  Information  and 
were  built  using  manual  feature  extraction  techniques.  The  simulation 
results  produced  attest  to  the  quality  of  the  data  bases  built.  This 
Is  not  to  say  that  better  data  bases  couldn't  be  built,  for  they  certain- 
ly could.  It  Is  to  say,  however,  that  our  analysis  of  the  level  of  detail 
to  Include  In  the  data  bases,  our  feature  extraction  techniques,  and  the 
data  bases  produced  served  admirably  the  purposes  for  which  they  were  built. 

A study  was  performed  to  evaluate  data  bases  constructed  from  alter- 
nate kinds  of  source  intelligence  data.  Two  data  bases  were  constructed 
during  this  study.  One  using  optical  photograohs  and  the  other  using 
radar  Images  as  the  source  Intelligence  data  for  feature  extraction.  (Note: 
At  no  time  during  the  contract  has  radar  imagery  been  used  as  a source  for 
either  o”  data  or  greytone  data  for  input  to  any  of  our  simulations  even 
though  they  were  used  as  source  intelligence  data  for  constructing  data 
bases).  Construction  time  was  recorded  for  both  data  bases.  It  was  found 
that  construction  time  did  not  vary  appreci-ably  as  a consequence  of  using 
the  two  different  Intelligence  data  sources.  It  has  been  concluded,  how- 
ever, that  the  “best"  data  base  ;ould  be  constructed  If  many  sources 
of  intelligence  data  (l.e.,  maps,  high-resolution  aerial  photos,  radar 
imagery,  infra-red  imagery,  etc.)  were  available.  If  limited  to  either 
optical  products  or  radar  products,  though,  we  concluded  the  geometrical 
distortion  problem  Inherent  in  radar  Imagery  decides  the  question  in 
favor  of  optical  products. 
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As  a natural  consequence  of  performing  this  work,  the  study  of 
feature  extraction  techniques  we  performed  has  led  us  to  conclude  that 
construction  time  and,  perhaps,  final  quality  of  data  bases  for  radar 
Image  simulation  can  be  Improved  by  use  of  Interactive  techniques. 

A simplistic  Interactive  feature  extraction  concept  has  been  developed 
and  Is  reported  In  Section  5.  As  we  visualize  It,  Interactive  feature 
extraction  means  combining  the  photo- I nterpreter  and  computer  Into  a 
workable,  real-time  data  base  construction  "team",  The  value  of  this 
team  can  be  brought  Into  natural  focus  by  development  of  an  Interactive 
processing  station  devoted  so'ely  to  this  task.  The  results  produced 
under  this  contract  Indicate  that  radar  Image  simulation  has  become 
a science  and  is  ready  for  application  to  many  different  problems.  To 
support  the  potential  proliferation  of  radar  Image  simulation  applica- 
tions, serious  consideration  needs  to  be  given  to  the  problem  of  con- 
structing data  bases.  We  think  that  an  Interactive  feature  extraction 
approach  1 s optimal . 
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1 ■ ^ Qualifications,  Limitations,  and  Constraints  of  Hodel 

The  point  scatterinq  radar  Image  simulation  model  rigorously  treats 

properties  of  the  radar  system,  ground  scene,  and  image  medium.  The 

relationships  and  Interrelationships  between  these  various  aspects  of  a 

radar  Image  are  rigorously  modeled  and  mathematically  expressed.  The 

1 2 

model,  as  developed  and  reported  by  Holtzman,  et  a1.  ’ , Is  completely 
general  and  comp’ete.  The  model,  In  this  form,  properly  simulates  medi- 
um to  coarse  resolution  SLAR's  (Side-Looking  Airborne  Radars)  and  PPI's 
(Plan-PosI t Ion  Indicators)  depending  upon  the  details  of  the  software 
Implementation  of  the  model.  Implicit  In  all  of  our  previous  work,  whether 
or  not  explicitly  stated,  was  the  fact  that  the  systems  being  modeled 
were  "Ideal".  The  radar  system  was  Ideal  as  was  the  ground  scene  and, 
the  Image.  All  radar  system  parameters,  for  simulation  purposes,  were 
assumed  to  be  "Ideal".  The  radar  system  had  a "perfect"  antenna  pattern 
(no  sidelobes  and  no  distortions),  the  transmitter  produced  "perfect" 
pulses,  and  the  receiver  was  linear.  The  ground  was  modeled  as  a col- 
lection of  "perfect"  homogeneous  regions  (distributed  targets)  which 
reradlated  energy  described  exactly  by  empirical  differential  cross- 
srctlon  data  (o°)  plus  ideal  (Isotropic)  specular  reflectors  (cultural 
targets)  which  were  treated  symbolically.  The  Image  (film)  was  modeled 
as  linear  (y  « 1)  over  Its  entire  dynamic  range  with  "perfeci"  exposure 
and  development  and  with  compression  neither  at  low  nor  high  densities. 

All  of  these  Ideal  assumptions,  and  more,  have  been  necessary  In  all 
previous  work.  They  were  necessitated  not  by  the  model,  but  Instead,  by 
the  simulation  software  Implementation  of  the  model.  That  Is,  they  were 
forced  for  computational  efficiency  and,  since  up  to  now  It  has  not  been 
necessary  to  model  a "real"  system;  an  Ideal  system  was  as  good  as  any 
other  (and  more  efficient  for  computational  purposes)  for  modeling.  Up 
to  now,  the  radar  Image  simulation  work  has  concentrated  on  refinement  of 


Holtzman,  J.  C.,  V.  H.  Kaupp,  R,  L.  Martin,  E.  E.  Komp.  and  V.  S.  Frost, 

"Radar  Image  Simulation  Project : Development  nf  a General  Simula- 
tion Model  and  an  Interactive  binnilatlon  Model,  and  Sample  Results," 

TR  23^-13,  Remote  Sensing  Laboratory,  The  University  of  Kansas,  Feb.,  1976. 
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the  model  and  efficient  (and  correct)  software  Implementations  which 
were  representative  of  the  Ideal  processes  being  modeled.  An  opera- 
tional system  on  the  other  hand  will  require  specialization,  some  of 
which  will  require  mere  detail,  some  less,  to  produce  an  overall  cost- 
effective  Implementation. 

With  the  work  presented  In  this  report,  radar  Image  simulation  makes 
the  transition  from  Infancy  to  a first  stage  of  maturity,  in  this  work 
the  model,  software  Implementation,  ground  truth  data  base  concept, 
use  of  empirical  differential  cross-section  data,  etc.,  are  validated 
through  comparisons  to  real  radar  Imagery  of  the  same  site  and  look- 
direction.  This  work  Is  reported  In  Sections  2.  and  3.  for  SLAR  and 
PPI  models,  respectively.  In  these  sections,  the  software  are  set- 
up to  model  medium  resolution  radar  systems.  All  the  necessary  assump- 
tions of  the  basic  modal  are  satisfied.  "Perfect"  system  models  ere 
Justified.  In  Section  A.,  another  step  Is  taken.  The  point  scattering 
radar  Image  s Imul at  Ion  method  Is  structured  to  accurately  model  "real- 
world"  processes  where  such  modeling  Is  made  necessary  because  the  system 
being  modeled  (radar,  ground  scene,  and  Correlatron)  el  Iml nates  some  of  the 
generality  of  the  basic  simulation  model.  Changes  therefore  are 
required  to  represent  accurately  the  system  configuration  being  sim- 
ulated. The  Important  point  to  be  stressed  Is  that  the  point  scattering 
simulation  model  Is  general  and  rigorous,  and  has  a number  of  basic  pre- 
mises upon  which  It  rests.  Insofar  as  these  premises  are  explicitly 
satisfied  by  the  radar  system  being  modeled,  minimum  changes  are  re- 
quired in  the  software  Implementation  of  themodel  as  changes  of  radars 
being  modeled  occur,  just  as  In  the  work  reported  In  Sections  2.  and  3. 
When  these  premises  are  not  all  explicitly  satisfied,  as  in  the  work 
reported  In  Section  It.,  then  the  software  Implementation  of  the  basic 
model  is  altered  to  account  for  the  variations  and  degradations  from 
the  Ideal  system. 

In  order  to  evaluate  the  work  and  results  presented  In  this  report, 
the  basic  assumptions,  limitations,  and  constraints  upon  which  the 
general  point  scattering  radar  Image  simulation  model  rests  are 
enumerated  and  discussed. 
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An  appropriate  startln^T  point  for  this  discussion  Is  the  final 
computational  alqorithm  (equation)  of  the  Point  Sratterinc)  Method. 

After  the  ground  truth  data  baHo.  (terrain  feature  model)  of  the  site 
to  be  simulated  has  been  specified,  the  reflectivity  (a°)  data  for 
the  various  categories  Included  In  the  data  base  have  been  obtained, 
and  the  complex  geometry  relating  the  radar  platform  to  the  scene  has 
been  determined,  the  greytone  equation  Is  used  to  calculate  the  power 
reradlated  from  the  ground  back  to  the  radar  for  each  pixel  (picture 
element)  In  the  Image.  It  calculates  the  Intensity  of  the  ground-re- 
turn signal  exiting  the  receiver,  and  the  conversion  of  this  Intensity 
Into  the  appropriate  density  of  silver  grains  In  the  exposed  and  developed 
Image.  This  algorithm  determines  the  shade  of  grey  of  each  pixel  in  the 
Image,  and  hence,  Is  called  the  groytono  equation.  The  greytone  equation 
produces  the  final  result,  drawing  upon  all  preceding  data  and  calculations. 
It  relates  the  ground  to  the  radar  and  to  the  Image.  The  greytone  equation 
predicts  the  power  reradlated  from  each  resolvable  ground  element  (resolu- 
tion cell).  The  size  of  a resolution  cell  Is  determined  In  the  range 
direction  by  the  pulse  length  and  In  the  azimuth  direction  by  the  direc- 
tional properties  of  the  antenna.  For  the  purposes  of  radar  Image  simu- 
lation, let  us  assume  that  the  ground  can  be  modeled  as  a collection  of 
homogeneous  regions  each  at  least  the  size  of  a resolution  cell  (i.u., 
distributed  targets).  The  power  reradlated  from  all  the  scattering  centers 
located  within  a resolution  cell  combine  at  the  receiving  antenna  to  pro- 
duce one  value  for  the  resolution  cell  and  we  designate  It  the  return 
power  (Pj^). 

In  reality  the  return  power  Is  not  a deterministic  process  as  this 
might  Imply.  The  amplitude  of  the  return  power  received  by  the  antenna 
mounted  on  a moving  vehicle  fluctuates  widely  because  of  variations  In 
the  phase  of  the  reradlatlon  from  the  different  scatterers  In  the  Illumi- 
nated area  (resolution  cell).  This  phenomenon  accounts  For  the  speckled 
nature  ("grainy"  appearsnco)  of  radar  Images  and  Is  called  "fading."  The 
statistics  of  a "fading"  signal  have  been  we  11 -documen ted  for  most 
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homogeneous  targets  and  It  has  been  shown  that  the  signal  amplitude 

tv  5 

can  be  described  by  a Rayleigh  probability  distribution  . 

If  we  assume  square-law  detection  In  the  radar  being  modeled,  then 

the  postdetection  signal  Is  a random  variable  having  a chi-square  proba- 

L 

blllty  density  function  with  2NS  degrees  of  freedom  where  NS  specifies 
the  number  of  "Independent  samples"  being  averaged.  The  minimum  width 
of  a backscatter  lobe  In  the  azimuth  direction  Is  specified  as  L/2  where 
L Is  the  antenna  length.  A real-aperture  SLAR  (Side-Looking  Airborne 
Radar)  has  an  azimuth  resolution  given  by  @R  where  S Is  the  dlffractlon- 
llmlted  beamwidth  given  by  A/L  (the  Illuminating  energy  wavelength  divided 
by  the  antenna  length  L)  and  R Is  the  range  distance  from  the  antenna  to 
the  resolution  cell  on  the  ground.  From  these  two  concepts  of  resolution 
we  can  determine  the  number  of  "Independent  samples"  which  are  effectively 
combined  to  produce  the  Instantaneous  average  return  power  (Pj^)  from  a 
resol ut Ion  cell! 

Ki  ■ SR  2RA  / . V 

^"l72"72“ 

In  a fully-focused  synthetic-aperture  radar  the  synthetic  azimuth 
beamwidth  Is  L/2,  so  there  's  but  one  sample  of  the  random  process  (NS  ■ 1) 
used  and,  hence  a grainier  appearance  In  the  radar  Image. 


The  Rayleigh  probability  distribution  Is  Just  one  of  several  feasible 
probability  models  which  can  be  used  to  describe  the  signal  ampli- 
tude variation  [8, 9]-  Use  of  a different  probability  model  would 
nxsdify  the  resulting  "fading"  per  cell  somewhat.  However,  for  medium 
to  coarse  resolution  radars,  final  averaging  yields  similar  results. 

^Reeves,  R.G.,  A.  Anson,  and  David  Landen , Manual  of  Remote  Sensing,  Vol. 

1,  Chapter  9,  American  Society  of  Photoqrammetry , Falls  Church,  Va. 
li 

Bush,  T,  F.  and  F.  T.  Ulaby,  "Fading  Characteristics  of  Panchromatic  Radar 
Backscatter  from  Selected  Agricultural  Targets,"  IEEE  Trann.  Geoscl. 
Electron. , Vol.  GE-13,  October  1976,  pp.  149-157. 
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Averaging  a larger  number  of  "independent  samples"  reduces  signal  fading 

and,  thus,  smooths  the  image  appearance  . But,  increasing  the  number  of 

samples  averaged  also  degrades  the  final  image  resolution. 

After  detection.  It  can  he  shown  that  the  return  power  from  each 

9 

resolution  cell  Is  estimated  by 


■(W(*) 


where  Is  the  expected  value  of  the  return  power  from  a resolution  cell, 
Y Is  a random  variable  with  a standard  chi-square  distribution  having  2NS 
degrees  of  freedom,  and  NS  Is  the  number  of  "Independent  samples"  averaged 
(Equation  1),  When  the  number  of  Independent  samples  being  averaged  Is 
large,  (2)  becomes  (3) 

(3) 


where  RN  Is  a normalized  Gaussian  random  variable  with  zero  mean  and  unit 
variance. 

For  terrain  that  can  be  modeled  as  a collection  of  homogeneous,  dis- 
tributed, targets  the  value  of  calculated  from  either  (2)  or  (3)  Is  the 
bast  estimate  of  return  power  after  detection  that  can  be  made  when  each 
resolution  cell  Is  treated  as  a single  point.  If  the  terrain  cannot  be 
modeled  In  this  way  the  location  and  reradlatinn  properties  of  each  of 
the  numerous  scattering  points  within  a resolution  cel!  are  modeled,  the 
amplitude  and  phase  of  the  return  from  each  point  Is  calculated,  and 
the  resulting  phasor  sum  at  the  antenna  (magnitude)  Is  chosen  to  become 
the  estlni.ste  of  return  power.  For  high-resolut  Ion  and  synthetic  aperture 
radar  applications  of  radar  Image  simulation,  either  approach  Is  possible 
but  the  latter  Is  computationally  Inefficient  and  requires  Investment  of 
a vast  amount  of  time  to  properly  model  the  ground.  For  medium  resolution 
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applications  such  as  those  reported  here.  Equations  (2)  and  (3)  represent 
very  good  estimates  of  the  post-detection  return  power. 

Usually  after  detection  the  Intensity  of  the  video  signal  exiting 
the  receiver  is  recorded  on  film.  This  can  be  expressed  by  [4] 

D « ylogjQpj^  + Ylog,QM  + log^^K  {k) 

where  is  given  by  either  Equation  (2)  or  (3)l  D Is  the  density  of 
metallic  silver  grains  In  the  exposed  transparency  corresponding  to  the 
intensity  of  the  illumination;  K Is  a constant  depending  upon  the  exposure 
time  and  thn  film  processing  and  development  time;  y Is  a positive  constant 
representing  the  slope  of  the  linear  portion  of  the  film  curve  of  density 
versus  logarithm  of  exposure  (the  Hurter-Dr i f f iel d curve^)  where  logj^K 
is  the  extrapolated  intercept  of  this  line;  M is  the  transfer  function 
of  the  radar  receiver  (including  all  appropriate  linear  and  non-linear 
effects  such  as  AGC,  Automatic  Gain  Control,  or  saturation)  such  that 
the  video  intensity  incident  on  the  film  during  exposure  is  specified  by 

MPp. 

When  Implemented  on  a digital  computer,  the  simulation  process  must 
be  quantified.  The  return  power  calculated  for  each  resolution  cell  Is 
coded  into  one  pixel  in  the  simulated  Image.  Each  pixel  In  the  Image 
will  represent  one  precise  shade  of  grey  between  black  (no  return  power) 
and  white  (saturated  signal,  high  return  power).  Thus,  Equation  for 
the  film  density  must  be  altered  to  reflect  digital  data  processing  re- 
quirements. The  shade  of  grey  (grej^tone)  for  each  pixel  In  an  image  can 

be  shown  to  be  specified  by  G_  = (^ — ^)  D where  D is  given  by  Equation 
N ^ 9 

(4),  2 Is  the  number  of  discrete  levels  of  grey  available  In  a computer 
word  having  N bits,  and  g Is  the  base  10  logarithm  of  the  dynamic  range 
of  the  radar  signal  being  mapped  Into  the  linear  portion  of  the  film 
dynamic  range.  The  general  Point  Scattering  Method  radar  Image  simulation 
model,  as  given  earlier  and  reported  by  Holtzman,  et  al.',  uses  this  result 


^ Goodman,  J.  W. , "Introduction  to  Fourier  Optics,"  McGraw-Hill,  Inc. 

1968. 
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to  describe  Imaging  radar  mathematically.  The  complete  derivation  of  the 
greytone  equation  has  been  reported  previously  and  so  the  result  will 
not  be  repeated  here.  As  previously  reported  and  using  the  result  for 
image  density,  the  greytone  equation  can  be  seen  to  be  given  by: 
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where : 

■ The  lnstantan*ous  greytone,  Including  fading,  to  be  calculated 
for  each  pixel  in  an  image; 

Gpj  «•  The  calibration  greytone  value  added  to  the  value  computed  for 
each  pixel  to  calibrate  the  Image  according  to  a xnown  calibra- 
tion  point; 

y - A property  of  the  image  medium  (in  this  case,  film,  l.e.  image 
medium  transfer  function); 

P.J.  = The  transmitter  output  power  of  the  radar  being  simulated; 

r.j.  “ The  transmitti'r  output  power  of  the  calibrator; 

c 

scattering  coefficient  for  each  ground  point; 

scattering  coefficient  for  the  calibration  point; 

A » Area  of  the  ground  spot  resolution  cell  illuminated  for  each 
pixel  by  the  radar  beinq  simulated; 
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B Area  of  the  ground  spot  resolution  cell  Illuminated  by  the 
cal  I brator ; 

G = One-way  gain  of  the  antenna  of  the  radar  being  simulated 
(In  the  direction  of  A); 

Gc  ■ One-way  gain  of  the  antenna  of  the  radar  being  simulated  (In 

the  dl rect ion  of  A ) ; 

c 

N ■ The  number  of  bits  assigned  to  each  image  pixel  for  grey tones 
(i.e.,  the  computer  word  length  used); 
g - The  logjQ  of  the  ratio  of  a bright  return  to  a dark  return 

(I.e.,  simulated  radar  gain  - one-to-one  mapping  of  radar  signal 
onto  film  occurs  when  g ■ 2); 

Wavelength  of  the  electromagnetic  energy  transmitted  by  the 
radar  being  simulated; 

Wavelength  of  the  electromagnetic  energy  transmitted  by  the 
cal ibrator; 

R ■ The  distance  from  the  antenna  of  the  radar  being  simulated  to 
each  ground  resolution  cell  (pixel); 

Rc  “ The  distance  from  the  antenna  of  the  calibration  system  to  the 
reference  ground  spot; 

k,k^  ■ Constants  which  depend  upon  the  exposure  time  and  on  the  film 
processing  and  development; 

=<  Constants  of  proportionality  relating  the  return  electromagnetic 
power  received  by  the  antenna  to  intensity  on  the  film; 

Ns  “ The  number  of  independent  samples  contained  in  uncorrelated 
resolution  cells; 

RN  ■ A Gaussian  distributed  random  number  with  zero  mean  and  unit 
variance. 

where  substitution  for  D and  P has  occurred  and  the  result  has  been  cal- 

r 

Ibrated.  Calibration  is  shown  In  two  phases.  The  first  phase  of  cali- 
bration Is  accomplished  by  calculating  the  photographic  density  of  a 
point  in  the  Image.  This  is  accompi  Ish''d  via  the  paramete-'s  subscripted 
"r"  ("c"  Stands  lor  calibration)  and  by  selecting  a value  for  g.  The 
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second  phase  Is  setting  G.  , the  greytone  of  that  point,  to  a desired 

N "c 

level  (between  0 and  2 -1).  Together  these  calibration  parameters  have 
the  effect  of  determining  how  much  of  the  dynamic  range  of  the  radar 
signal  will  be  mapped  into  the  17“20  dB  dynamic  range  available  in 
ordinary  film,  and  exactly  what  portion  of  the  dynamic  range  of  the  radar 
signal  will  be  displayed. 

In  the  development  leading  to  Equation  (5),  the  power  reradiated  as 
a result  of  the  1 1 1 uml nat 1 ng-energy/terra in  Interaction  was  not  specified. 
An  excellent  model  for  the  return  power  reradlated  from  distributed  tar- 

5 

gets  Is  given  by  the  radar  equation 


P.j.G^X^a'^A 


(6) 


where  the  average  transmitted  power  Is  represented  by  P.^.;  the  two-way 
gain  of  the  transml ttlng/recelvlng  antenna  (a  function  of  the  elevation, 
and  azimuth  angles)  Is  given  by  G^-;  the  transmitted  wavelength  Is  given 
by  A;  the.  reflectivity  model,  (a  function  of  wavelength  and  local  angle 
of  Incidence,  among  others)  Is  o”;  the  element  of  area  on  the  ground  being 
sensed  (a  function  of  the  qro  md  slope,  pulse  length,  antenna  beamwldth, 
and  altitude)  Is  A;  and  the  range  from  the  antenna  to  the  element  of  area 
being  sensed  Is  R. 

Certain  conditions  must  exist  for  this  form  of  the  radar  equation  to 
be  valid.  First,  the  area  being  sensed  must  be  a distributed  target.  A 
distributed  target  Is  a homogeneous  region  of  a specific  radar  reflectivi- 
ty category  In  which  there  must  be  a large  number  of  individual  scatter- 
ing centers  located  within  a resolution  cell  and  they  must  be  positioned 
randomly  [4].  Second,  it  must  he  assumed  that  all  the  parameters  of  the 
radar  equation  are  constant  across  a resolution  cell.  When  thetc  conditions 
are  satisfied  by  both  the  terrain  being  simulated  and  radar  being  modeled, 
then  Equation  (6)  a particularly  tractable  form  of  the  radar  equation,  can 
be  used  in  the  greytone  Equation  (5)  in  conjunction  with  either  Equation 
(2)  or  (3)  to  estimate  the  return  power  from  each  resolution  cell. 

Implicit  In  equation  (5)  are  alt  the  normal  radar  effects  such  as 
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layover,  shadow,  range  compression,  etc.  These  and  similar  effects  depend 
only  on  the  specific  implementation  of  the  model.  That  is,  the  software 
realization  of  the  point  scattering  simulation  model  must  Include  specific 
provisions  to  account  explicitly  for  these  effects.  The  responsibility 
for  precision  of  treatment  of  these  effects  rests  solely  with  the  specific 
software  Implementation  of  the  model. 

Also  Implicit  In  equation  (5)  are  a number  of  assumptions  upon  which 
the  model  rests.  These  assumptions  are  basic  to  the  model  and  cannot 
necessarily  be  eliminated  through  software  by  careful  Implementation  of 
the  model  although  their  impacts  can  definitely  be  minimized.  These  assump- 
tions are  discussed  In  the  following  sections. 

Just  as  all  mathematical  models  are  abstractions  of  reality,  so  Is 
the  point  scattering  radar  image  simulation  model.  The  point  scatter- 
ing simulation  model  attempts  to  describe,  In  closed  form,  the  "real- 
world"  processes  of  the  radar  Imaging  system  as  a closed  system  consist- 
ing of  ground  scene,  radar  processor,  and  Image  medium,  As  Just  noted, 
this  ntodel  rests  on  some  basic  premises.  These  premises  may  be  viewed 
both  as  the  necessary  assumptions  to  make  the  model  work,  and  as  the 
limitations  and  constraints  of  the  model.  Depending  upon  the  applications 
for  which  the  model  is  intended  to  be  used,  these  limitations  and  constraints 
may  be  of  no  significance  or  they  may  be  of  critical  importance.  It  is 
Important  that  these  limitations  be  recognized  and  accounted  for  In  order 
to  Insure  that  the  model  Is  appropriate  for  a specific  task.  For  the 
general  model,  the  more  Important  of  these  premises  can  be  succinctly 
stated  as: 

(1)  Validity  of  the  radar  equation  for  simulation; 

(2)  Validity  of  using  empirical  differential  scattering  cross- 
section  (backscatter)  data  (o”)  to  model  the  electromagnetic 
properties  of  the  ground  (ground  return  data); 

(3)  Validity  of  the  ground  model  (data  base)  concept; 

(4)  Validity  of  the  radar  receiver  model; 

(5)  Validity  of  the  image  medium  model; 

The  impact  each  of  these  premises  has  for  simulation  Is  discussed  In  the 
next  sections.  In  particular,  the  premises  are  defined  and  how  they  affect 
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simulation  is  explained.  The  ultimate  test  of  any  model  once  imple- 
mented is  the  correlation  of  its  results  with  real  world  events.  As 
can  be  seen  by  reference  to  the  later  sections  of  this  report,  the 
results  produced  by  the  Point  Scattering  Method  are  very  good.  Thus, 
practical  treatment  of  these  limitations  and  constraints  is  shown  to 
be  valid  by  appeal  to  the  results  produced. 

1 . i) . 1 Validity  of  the  Radar  Equation  for  Simulation 

1.1). 1.1  Return  Power  Model 

The  greytone  equation  (5)  has  been  developed  to  be  specifically 
applicable  to  distributed  targets.  Recall  that  a distributed  target 
Is  a homogeneous  region  of  a specific  microwave  scattering  category. 

This  homogeneous  region  must  be  at  least  as  large  as  the  resolution 
element  of  the  radar  being  modeled,  the  Individual  scattering  centers 
located  In  a resolution  ceil  must  be  positioned  randomly,  and  there 
must  be  a large  number  of  them.  With  these  qualifications  about  dis- 
tributed targets,  an  average  value  of  the  scattering  cross-section  can 
be  used  (Instead  of  the  actual  scattering  cross-section  associated 
with  each  scattering  element)  and  it  can  be  assumed  that  ail  the  para- 
meters of  the  closed  system  model  are  essentially  unchanged  from  one 

part  of  the  resolution  cell  to  another.  When  this  is  true,  the  radar 

c 

equation  assumes  the  following  particularly  tractable  form  In  the  point 
scat  ter  I ng  model : 


p a PjG' A ' 0 A 
(i)ll  ) 3r'* 


(7) 


where: 


Average  power  returned  measured  at  the  antenna  teniiinals; 
Average  power  transmitted; 
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G “ Gain  of  the  antenna  (assumed  to  be  equal  for  both  i.r:, dis- 
mission and  reception)  In  the  direction  of  the  target; 

R « Distance  from  the  antenna  to  the  target; 

0°  - Effective  differential  scattering  cross-section  of  the 
distributed  target; 

X ■ Carrier  wavelength  of  the  transmitter. 


The  notions  of  homogeneity  of  distributed  targets  and  their  size 
compared  to  a resolution  cell  are  very  Important.  If  these  constraints 
are  not  satisfied  for  certain  applications,  the  simplifications  result- 
ing In  Equation  (7)  may  render  the  point  scattering  simulation  method 
using  Equation  (5)  Invalid  for  those  applications.  If  the  cell  Is  assumed 
to  contain  only  a few  scattering  centers  and  phase  can  be  Ignored,  the 
radar  equation  has  the  following  format 

N G.^o, 
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where:  (1)  The  summation  Is  over  the  N scattering  centers  located  with- 
in the  resolution  cell; 

(2)  The  subscript  I Illustrates  that  the  power  transmitted, 
antenna  gain,  and  distance  will  be  different  fc  i-  each  of 
the  scattcrers; 

(3)  0|  is  the  scattering  cross-section  for  each  of  the  scatter- 
ing centers  located  within  the  fesolutlon  cell. 

If  the  resolution  cell  Is  assumed  to  contain  a large  number  of 
scatterers  but  the  radar  parameters  vary  across  the  resolution  cell,  the 
summation  can  be  replaced  by  an  Integral  using  an  average  value  of  the 
scattering  cross-section  per  unit  area  and  then  integrating  over  the  area 
of  the  resolution  cell^: 
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Scattering  Area 
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wher-;:  dA  ■ A differential  element  of  ground  area. 

Equation  (7)  represents  a special  case  of  (9).  An  additional 
assumption  is  made  that  ail  of  the  oarameters  in  (9)  are  unchanged 
acroiis  the  resolution  cell.  When  this  Is  true,  the  Integral  In  (9) 
can  lie  replaced  by  the  product  of  the  factors  and  this  simplifies  di- 
rectly to  Equation  (7)  which  Is  used  whenever  possible  In  the  point 
scattering  simulation  model,  Equation  (5). 

Thus,  It  has  been  shown  that  the  point  scattering  radar  image  simu- 
lation model  using  equation  (7)  to  calculate  the  return  power  In  the  grey- 
tone  equation  (5)  rests  squarely  upon  the  requirements  of  the  concept 
of  rcisoiutlon  cell,  the  number  of  scattering  centers  and  their  dis- 
tribution within  the  resolution  cell,  the  validity  of  using  an  average 
valud  differential  scattering  cross-section  Instead  of  the  cross-section 
of  Individual  scatterers.  and  constancy  of  the  parameters  across  the 
resolution  cel  I . If  these  conditions  are  not  met,  the  basic  model  must 
be  changed  to  Incorporate  either  Equation  (8)  or  (9),  whichever  Is  appro- 
priate. This  change  would  have  a dramatic  Impact  upon  the  computational 
efficiency  of  the  resulting  computer  programs,  but  It  would  provide  for 
simulation  of  scenes  which  would  otherwise  be  Impossible.  It  should  be 
noted  that  the  assumptions  resulting  In  Equation  (7)  are  almost  never 
exact,  but  the  approximations  are  generally  good  enough.  In  fact,  ex- 
perience has  shown  the  approximation  to  be  good  enough  over  a considerable 
range  of  different  radar  resolutions  and  microwave  categories. 

l.A. 1.2  Resol ut Inn  Cell  Size 

Figure  2 Illustrates  the  geometry  for  a pulse  radar  for  which  Equation 
(7)  Is  valid.  Reference  to  Figure  2 will  show  the  concept  of  resolution 
cells.  The  resolution  cell  Is  the  area  on  the  ground  defined  by 
the  range  resolving  capability  of  the  radar  in  the  y-directlon  (range 
direction)  multiplied  times  the  half-power  beam  width  of  the  antenna  beam 
(real  or  synthetic)  In  the  x-dlrectlon  (azimuth  direction).  In  a real 
aperture  system  Image  resolution  In  the  azimuth  direction  (,x-dl  rectlon) , 
u.  Is  essentially  determined  by  the  angular  width  fl.  , of  the  antenna  beam. 
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A dl f fract Ion- 1 Iml ted  antenna  has  a far-field  angular  half-power  beam 
width  of 


D 


(Radians) 


(10) 


where:  A ■ Illuminating  wavelength; 

D ■ Antenna  length. 

Provided  that  <<  1 radian,  this  expression  (10)  can  be  used  to  define 
the  width  of  the  (level)  ground  In  the  azimuth  direction  of  the  antenna: 


RB, 


(n) 


where:  R ■ Distance  from  the  antenna  to  the  target. 

This  distance  Is  depicted  In  Figure  2.  Ground  slope  In  the  azimuth  direc- 
tion is  shown  In  Figure  3.  Figure  3 Is  a two-dimensional  plot  of  only 
the  xz-plane  showing  ground  slope  In  the  azimuth  direction  (p)  added  to 
the  simple  geometry  depicted  In  2.  As  can  be  seen  by  reference  to  Figure 
3,  If  It  Is  assumed  that  the  beamwidth  doesn't  narrow  appreciably  on  one 
side  and  expand  appreciably  on  the  other,  then  the  ground  distance  of  the 
resolution  cell  In  the  azimuth  direction  (when  ground  slope  In  the  azimuth 
direction  Is  present)  can  be  specified  simply  as 

m : -A  (12) 

cosp 

Image  resolution  on  the  ground  in  the  range  direction  (y-d 1 rectlon) , 
£,  can  be  shown  to  be  approximately: 


^ ' "2^“  (13) 

where:  c *>  Speed  oP  light; 

0 o Angle  of  incidence  between  antenna  and  local  vertical; 

T “ Pulse  length  In  a short-pulse  radar  system. 

This  distance  Is  also  shown  In  Figure  2,  but  It  can  be  seen  best  by 
reference  to  Figure  k. 
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Figure  Pulse-Length  Resolution  •; 


If  the  assumption  is  made  that  R^  and  Rj  are  essentially  parallel,  then 
0,  ' 0-  “ 0 and  It  can  be  seen  that: 

I 2 j 
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where  It  should  be  obvious  that  the  higher  the  altitude,  the  shorter  the 
pulse  length,  and  the  larger  the  angle  of  Incidence  (g)  , the  better  this 
approximation  Is.  Ground  slope  In  the  range-direction  is  shown  in  Figure 
•i.  This  figure  Is  a plot  of  only  the  yz-plane  showing  ground  slope  In 
the  range  direction  (6)  added  to  the  simple  geometry  of  Figures  2 and  k. 
Reference  to  Figure  5 will  show  that  the  ground  distance  In  the  range 
direction  of  a resolution  cell  is  given  by 

j CT 

" 2sIn(u-A)  (15) 

Reference  back  to  Figure  2 wl 1 1 show  that  the  area  (A)  of  the  radar 
resolution  element  Is  approximated  by 

A ■ 11,(11 
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or,  substituting 


(16) 


where:  a “ Length  of  the  resolution  cell  In  the  range  dimension 
(Equation  (15)): 

01  a Width  of  the  resolution  cell  In  the  azimuth  direction 
(Equation  (12)). 

This  result  (16)  is  computationally  efficient  and  Is  used  In  appll" 
cations  of  the  point  scattering  simulation  method  developed  to  date. 
Alternative  expressions  for  the  resolution  cell  area  can  be  developed 
Including  expressions  which  are  exact.  However,  the  computational  ef- 
ficiency of  such  expressions  Is  typically  very  much  worse  than  that 
possible  through  the  use  of  Equation  (16).  In  a fully  focused  synthe- 
tic aperture  system,  the  resolution  In  the  azimuth  direction  Is  given 
for  a flat  earth  model  by  D/2  where  0 Is  the  physical  antenna  length. 

Since  the  application  of  this  model  was  Intended  for  only  a medium  to 
coarse  resolution  system,  the  synthetic  aperture  system  would  logically 
be  Incoherently  averaged  to  reduce  the  Image  speckle.  That  Is,  If  one 
Is  modeling  a 60  foot  system,  either  a 120  foot  antenna  Is  used  (hardly 
likely)  giving  one  Independent  sample  per  cell  or  a much  smaller  antenna 
is  used  and  degraded  to  the  appropriate  final  resolution.  Since  film 
is  the  final  image  medium  and  is  equivalent  to  square  law  detection,  the 
Incoherent  averaging  to  a resolution  ai  Is  equivalent  to  a real  aperture 
system  of  that  same  resolution  with  ^ Independent  samples  averaged.  This 
Is  essentially  what  Is  done  In  the  point  scattering  model  in  the  final 
grey tone  computation. 


1.4.  1.3  Resolution  Cell  Size;  Alternate  Method 


The  preceding  method  for  determlnhig  the  size  of  a radar  resolution 
cell  Is  computationally  efficient  but  Is  a good  estimator  of  the  resolu- 
tion cell  size  only  for  simulating  narrow  beamwtdth,  short  pulse  length 
radars  over  fairly  even  terrain.  It  requires  a one-to-one  correspondence 
between  radar  resolution  cells  and  ground  truth  data  base  points.  This  Is 
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accomplished  by  sampling  the  terrain  reflectivity  data  once  per  resolu- 
tion cell.  Sample  spacing  comes  from  modeling  the  ground  as  if  the  earth 
were  flat  In  the  region  of  Interest.  Then  the  relative  elevation  varia- 
tions contained  in  the  data  base  are  used  to  correct  the  size  of  this 
"flat-earth"  radar  resolution  cell  via  equation  (16)  for  determining  the 
area  contributing  to  the  return  power,  and  to  determine  the  local  angle 
of  Incidence  for  determining  the  value  of  backscatter  ( o°  - differential 
scattering  cross-section)  used  for  this. 

An  alternate  method  which  Is  more  accurate  for  determining  the  size 
of  a resolution  cell  from  a digital  ground  truth  data  base  (called  data 
base)  has  been  developed.  This  approach  requires  that  the  data  base  repre- 
sent sampling  of  the  terrain  reflectivity  categories  and  elevation  varia- 
tions on  a finer  scale  than  the  radar  resolution  cell.  A good  minimum 
ratio  for  data  base  points  to  resolution  cells  is  five  (5)  In  both  the 
range  and  azimuth  directions.  When  this  is  satisfied,  then  the  follow- 
ing method  can  be  Invoked  for  determining  exactly  which  data  base  points 
contribute  to  the  return  power  from  each  radar  resolution  cell,  what 
backscatter  categories  are  physically  present  within  the  resolution  cell 
thereby  allowing  simulation  of  multiple  categories  per  resolution  cell,  and 
for  determining  such  parameters  as  range,  size  of  the  coll,  local  angle 
of  Incidence,  shadow,  layover,  etc. 

Assume  It  is  desired  to  simulate  the  Images  produced  by  a narrow 
beamwidth,  short-pulse  radar.  This  Is  not  a restriction.  It  merely  allows 
us  to  specify  the  resolution  element  of  one  kind  of  radar  in  the  range 
direction  by  y-  where  x Is  the  pulse  length  and  c Is  the  speed  of  light, 
and  In  the  azimuth  direction  by  the  half-power  antenna  beamwidth  {B|^) 

multiplied  times  the  range  (R)  to  each  resolution  cell.  Assume  also  that 
the  data  base  represents  much  finer  sampling  of  the  terrain  than  the  radar 
resolution  cell  and  that  each  point  In  the  data  base  consists  of  the  four- 
tuple of  range  and  azimuth  location,  elevation,  and  backscatter  category 
(x,y,z,c),  respectively.  For  computational  simplicity,  further  assume 
that  the  size  of  the  resolution  cell  can  be  modeled  as  though  It's  Inde- 
pendent In  both  range  and  azimuth  directions.  This  Is  not  exact,  but  Is 
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a reasonable  approximation. 

Figure  6 shows  the  typical  geometry  in  the  range  direction  for  a 

short  - pulse  radar  system.  For  such  systems  the  range  resolution  Is 

specified  by  Figure  6 shows  a terrain  profile  with  arcs  of  equal 

range  Increments  of -■2'"*' super  Imposed  on  It.  The  first  return  signal 

it  Is  desired  to  process  Is  that  one  labeled  and  the  last  is  labeled 

R...  Each  succeeding  arc  is  farther  from  the  oriqln  than  the  preceding 
N 


by  ^ (eg.  , R. 


R5+§1), 


The  ground  distance  between  consecutive  arcs 


represents  the  length  on  the  ground  of  the  resolution  cell  In  the  range- 
direction  or,  elternatively,  the  separation  between  the  arcs  specifies 
which  (and  how  many)  data  base  points  lie  In  the  increment.  The  ground 
distance  between  arcs  (R^,  R^)  is  shown  In  the  Inset  of  Figure  6 and 
is  labeled  Dg.  Arcs  (Rg,  Rg)  can  be  seen  to  be  specified  as: 


''ijs  " 'lJ5 

* '1J6 


R 2 
R ^ 


(17) 


CT 


'5  ^ F" 


where  the  coordinate  system  Is  set-up  such  that  x ■ 0,  values  for  Rg  and 

Rg  can  be  determined  from  system  and  mission  parameters  such  as  pulse 

length,  altitude,  near  range  angle  or  incidence,  etc.,  the  (Y j J5^J5> 

and  (Y..,  Z, ,,)  are  the  range  (J)  and  elevation  (Z)  coordinates  of 
i I b , I J D 

data  base  points  satisfying  the  criteria.  In  this  scheme  the  data  base 
is  oriented  orthogonal  to  the  flight  - direction  so  that  the  antenna 
bore-sights  down  a column  of  constant  azimuth  (x  ■ 0)  thereby  allowing 
variations  only  across  range  (Y  ■ J)  and  In  the  elevation  (Z)  dimension. 

Thus,  It  Is  easily  determined  via  equations  (17)  which  data  base 
points,  for  a given  azimuth  column,  are  closest  to  where  Rg  and  Rg  inter- 
sect the  terrain  profile.  The  data  base  points  belonging  (in  the  range- 
direction)  to  resolution  cell  Ag  are  those  plus  the  ones  falling  between 
them.  The  ground  distance  In  the  rnnge  - direction  for  resolution  cell 
Ag  can  be  approximated  by  the  straight  line  connecting  the  points  ('^ijg 
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Zjjg)  and  Zjjg).  The  length  of  that  line  (dg)  Is  specified  as: 

■‘6  ■ (18) 

In  general,  for  a given  azimuth  column  In  the  data  base  (I),  the 
coordinates  of  the  bounding  points  of  resolution  cell  (A|^)  can  be 
specified  as  (x»0,  and  (x"0,  2jj|^)  where  K Is  used 

to  denote  which  radar  resolution  cell  Is  being  evaluated.  The  appropriate 
points  can  be  selected  from 


V2  *f  7^  ■ 

Mjk-I  ^IJk-1 

Y?, . + Zf,,  - r2 
IJk  IJk  k 

''k " Vi  ^ ^ 


Vi 


'Ik 


'^^'’ijk  ■ ^'iJk-P^  ^^IJk 


Z 

^ijk-r 


(19) 

(20) 

(21) 

(22) 


where  the  results  are  subscripted  with  an  I to  denote  that  these  data 
all  come  from  a column  of  constant  azimuth. 

Figure  7 illustrates  the  geometry  for  a radar  system  employing  a 
narrow  beamwldth  antenna.  For  such  systems  the  half-power  azimuth  resolu- 
tion Is  specified  by  6^R.  Figure  7 shows  the  half-power  contours  plot- 
ted In  the  (y,-h)-plane.  The  terrain  bounded  In  the  range-direction  by 
the  arcs  (R^.R^),  as  previously  discussed,  and  In  the  azimuth-direction 
by  the  half-power  contour  Is  shown.  The  half-power  antenna  contours  de- 
fine the  azimuth  extent  of  the  radar  resolution  cell. 

Previously,  we  located  the  data  base  points  coinciding  with  the  arcs 
(Rg,R^)  as  (Yjjg,  * particular  azimuth  column 

(x“0).  Now  we  want  to  fix  range  at  those  points  and  search  across  rows 
of  azimuth  (both  In  the  + x-direction,  Increasing  as  wall  as  decreasing  1) 
for  the  Intersection  of  the  half-power  antenna  contour  with  the  terrain. 

The  method  Is  straight  forward. 

Start  with  the  data  base  point  (^jj^.  ^ijg*  *s  the  Inter- 
section point  of  R^  with  the  terrain  J ■ J6  so  that 
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I i-L-il , , 


Figure  7.  Azimuth  Resolution 


will  not  be  allowed  to  vary,  and  test  data  base  points  In  the  -x*  direction 
of  the  J6  row  (row  of  constant  range  ).  We  know  that  the  Intersection  of 
the  half-power  contour  with  the  terrain  will  be  a distance  (dyg)  from 
as  shown  In  Figure  7 and  will  be  specified  by 

dgg  - ^J6^h  (23) 


where  R|^jg  Is  the  range  from  the  radar  antenna  to  the  terrain  In  the  j6-th 
azimuth  data  base  row  corresponding  to  the  outer  boundary  of  radar  resolu- 
tion cell  Ag.  We  don't  know  R|^|g  but  we  can  find  It  and,  having  done  this, 
determine  where  the  half-power  contour  of  the  antenna  pattern  Intersects 
with  the  terrain.  To  do  this  we  test  each  data  bdse  point  In  the  -x-dlrec- 
tlon  (azimuth,  or  decreasing  I). 

Figure  7 shows  that  a vector  (V|j^)  t)®  constructed  from  the  radar 

antenna  (0,0,0)  to  each  data  base  point  (X  IJ6'  ''|J6’  ^IJ6>  •* 


where  " Coordinates  of  each  point  to  be  tested; 

(X,Y,Z)  ■ Unit  vectors  In  the  X-,Y-,Z-dlrectlons,  respectively. 

The  magnitude  of  this  vector  Is  Just  the  range  (R)  from  the  radar  to 
the  ground 


IJ6 


yrx; 


J6 


(25) 


Calculate  the  half-power  distance  (d-Jb)  this  range  would  predict  If 
^LJb  “ ^ equation  (23)  and  compare  to  the  distance  (dm)  from  the  arc 
to  this  point 


dm  ■ lx 


IJ6 


m-  L,R 


(26) 


where  the  x-coordinate  of  the  Intersection  of  the  arc  with  the  terrain 
Is,  by  definition,  equal  to  zero,  and  Xjj^  Is  the  x-coordInate  of  the  point 
being  tested.  Subtract  dl  (equation  25)  from  d^j^  (equation  23)  and  decide 
whether  the  point  under  test  represents  the  boundary  of  the  antenna  pattern 
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as  follows 


If 

‘^Lj6  ■ ''l 

> 0 

If 

‘'lj6  " '*1 

- 0 

If 

‘*Lj6  ■ '^l 

< 0 

test  next  point; 

half-power  contour  point;  (27) 

outside  the  half-power  contour  point. 


This  test  allows  determination  of  the  data  base  points  and  the 
coordinates  which  define  the  boundary  of  the  antenna  pattern  half-power 
contour  In  the  -x-directlon,  call  them  (X|^,  Z^^).  Repeat  the  test  In  the 
+X'dl rectlon  (Increasing  I)  for  determination  of  the  data  base  points 
which  define  the  boundary  on  that  side,  call  them  (Xj^,  Z|;^). 

In  this  way  It  Is  easily  determined  via  equations  (27)  which  data  base 
points,  for  a given  row  of  range  (J)  In  the  data  base,  are  closest  to 
where  the  antenna  pattern  half-power  contours,  In  30th  the  + x-directlon 
(I),  Intersect  the  terrain.  The  data  base  points  belonging  (In  the  azimuth 
direction)  to  resolution  cell  Ag  are  those  plus  the  ones  falling  between 
them.  The  ground  distance  In  the  azlmuth-dl rect Ion  can  be  approximated  by 


*^15  " '/(Xrs  ■ ^^R5  ■ 


(28) 


In  general,  for  a given  range  row  In  the  data  base  (k),  the  coordi- 
nates of  the  bounding  points  of  resolution  cell  (J)  can  be  specified  from 


and  the  test 

If 

If 

If 

where  m»L,R. 


mjk 


8 iPu 
mj  h 


L,R 


8-  + (Y„,JZ  + (Z„,J2 


mJk 


mJk' 


mjk' 


mj 


k 


m-L,R 

m«L,R 


d ,,  “ d , >0 
mjk  1 

■“injk  - J,  ■ « 

■*mjk  ■ '*1  “ “ 


(29) 


test  next  point; 
half-power  contour  point; 
outside  half-power  contour  point; 


(30) 
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The  distance  across  the  cell  at  each  edqe  can  be  specified  by 


X,.)' 


(31) 


“Ik  '"RK  "LK' 

If  It  Is  desired  to  determine  the  area  represented  by  the  radar 
resolution  cell  Instead  of  simulating  multiple  categories  within  the  cell, 
this  can  be  accomplished  In  many  ways.  One  way  Is  to  calculate  the  area 
from  the  trapezoidal  shade  described  by  successive  applications  of  equa- 
tions (29),  (30),  and  (31)  for  both  range  edges  of  a resolution  cell. 

Another  way  Is  to  find  the  azimuth  extent  only  for  the  middle  of  the  resolu- 
tion cell  (eg.,  for  the  point  ( ^IJk  ^ ^IJk-1  , Z,,)).  If  we  do  this,  call 

*2 

the  distance  across  the  cell  In  the  azimuth  direction  S,  where 


S . ■ d , (■ 


ih 

k+O^I) 


'J 


'J  “ “1  2 ' 

as  given  by  equation  (31).  This  situation  Is  depicted  In  Figure  8. 
The  area  of  the  resolution  cell  (Aj^)  Is  given  by 


(32) 


(33) 


\ ■ "ik'j 
where!  ■ Given  by  Equation  (22)  j 
Sj  ■ Given  by  Equation  (32). 

In  terms  of  the  coordinates  of  the  bounding  points,  this  can  be  re- 
written aoi 


■V 


^^IJk‘^Ijk-1^ 
th 


^+{z  -z 

'^ijk  ^ijk-r 


j 


(z 


KK  ‘^LK 


where!  A,  Is  the  area  of  the  k resolution  cell, 
k 

This  expression  for  the  area  of  a resolution  cell  is  again  an  approximation 
to  the  real  area  but  It  Isn't  as  gross  as  the  approximation  of  Equation  (I6). 
But,  for  this  expression  to  be  reasonably  accurate.  It  Is  necessary  that  the 
slope  of  the  terrain  not  change  much  In  either  the  range  or  azimuth  directions 
from  that  calculated  for  the  center  of  the  cell. 


FIgur*  8. 

Resolution  Cell  with  Arbitrary  Slope  (Plane  Facet) 

Figure  6 shows  an  Illustration  of  the  Idealized  resolution  cell.  It  can 
be  seen  that  the  cell  Is  modeled  as  a plane  facet  having  sides  of  length 
d||^  and  Sj  and,  thus,  area  From  the  geometry  of  Figure  8 It  can  be 


shown  that  the  local  angle  of  Incidence  (6^)  Is  given  by 


cos 


-1 


(Dot  Product) 


(35) 


where:  P 


Unit  vector  pointing  from  the  center  of  the  resolution  cel 
through  the  antenna  boresight; 

■ Unit  vector  normal  to  the  resolution  cell. 


xyz 

Also,  It  can  be  seen  that  the  unit  normal  Is  given  by 


xyz 


s , X,  d,, 

■ J Ik 
’j  * ‘'ikl 


A A 

where:  « y + (tan6)z  ■ "Tilt"  In  the  range  direction; 

■ X + (tanp)z  ■ "Tilt"  in  the  azimuth  direction. 


(36) 
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This  Important  result  was  derived  previously'.  It  Is  Important  because 
the  point  scattering  simulation  model  basically  uses  empirical  backscatter 
data  to  model  the  electromagnetic  properties  of  the  ground  and  these  data 
are  a function  of  the  effective  local  angle  of  Incidence  (a^)  of  each  patch 
of  ground,  resolution  cell,  with  respect  to  the  antenna. 

These  results  can  be  extetided  to  cases  requiring  finer  resolution 
than  the  fundamental  limits  Imposed  by  the  resolution  cell  concept. 

Basically,  they  Involve  terrain  profile  following  In  two  dimensions. 
"Instantaneous"  (much  smaller)  resolution  cells  can  be  determined  and 
the  ranges,  areas,  and  angles  of  Incidence  can  be  calculated.  These 
data  can  be  used  to  determine  the  "Instenteneous"  power  and  phase  from 
each  little  resolution  cell.  These  data,  powor,  and  phase,  can  then  be 
added  appropriately  (as  In  synthetic  aperture  radar).  Or,  many  other 
approaches  can  be  used  successfully.  However,  as  a genera)  rule,  the 
more  precisely  the  terrain  profile  Is  followed,  the  more  expensive  sim- 
ulation and  data  base  construction  become.  For  these  reasons,  most 
data  bases,  and  thus  simulations  produced  from  the  point  scattering 
method,  are  made  using  as  many  simplifying  assumptions  as  possible. 

• • ^ • 2 Validity  of  Differential  Scattering  Cross-Section  Concept 
1.4.2. 1 Explanation  of  Empirical  Da ta 

The  point  scattering  radar  image  simulation  ''.ethod  uses  both  empirical 
backscatter  data  (differential  scattering  cross-section,  o°)  and  theoretical 
results  to  nxsdel  the  radar  return  from  terrain.  Empirical  data  (a°)  are 
used  wherever  possible  because  the  return  from  terrain  Is  very  complex 
and  extremely  difficult  to  model  theoretically.  These  empirical  data 
are  taken  from  an  extensive  agricultural/sol 1 mositure  bank  under  development 


Holtzman,  J.  C.,  V.  H.  Kaupp,  R.  L.  Martin,  E.  E.  Komp , and  V.  S.  Frost, 
"Radar  Image  Simulation  Project:  Development  of  a General  Simula- 
tion Model  and  an  Interactive  Simulation  Model,  and  Sample  Results," 
TR  234-13,  Remote  Sensing  Laboratory,  The  University  of  Kansas,  Feb- 
ruary, 1976. 
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at  the  Remote  Sensing  Laboratory  . This  data  bank  consists  of  n measure- 
ments stratified  by  frequency,  polarization,  soil  moisture,  agricultural 
type,  plant  height,  and  growing  season.  It  Is  the  availability  of  this 
data  bank  which  has  made  possible  the  wide  range  of  applications  for 
which  the  point  scattering  method  has  been  used.  Supplementary  data 
have  been  taken  from  the  1 1 tera^re  ^^and  theoretical  models  have  been 
examined  to  extend  and  extrapolate  the  available  empirical  c"  data  to 
other  frequencies,  polarizations,  scattering  categories,  and  look  direc- 
tions. To  complete  the  other  side  of  a circular  argument,  the  successful 
simulation  of  radar  Images  by  the  point  scattering  method  speaks  eloquently 
for  the  great  value  of  empirical  data  banks  and  argues  emphatically  for  a 
greater  effort  to  build  these  data  banks.  Availability  of  such  data  banks 
will  to  a large  extent  determine  the  applications  for  which  radar  Image 
simulation  can  be  used  In  the  future.  If  there  are  large  programs  wait- 
ing in  the  wings,  so  to  speak,  to  use  simulation,  a 0°  data  collection 
program  needs  to  be  started  to  measure  the  differential  scattering  cross- 
sections  of  the  various  scattering  categories  expected  to  be  In  the  terrain 
envelope  of  which  this  program  will  operate. 

The  radar  return  from  terrain  varies  with  a large  number  of  parameters 
of  both  the  radar  system  and  the  properties  (dielectric  and  geometric) 
of  the  terrain.  These  parameters  Interact  to  produce  the  radar  return 
from  each  portlonof  the  ground.  Some  of  the  more  Important  oF  these  para- 
meters are  listed  In  Table  1.  These  parameters  end  their  Interactions 
must  be  modeled  accurately  In  order  to  simulate  the  radar  return  from 
terrain.  The  model  used  to  describe  the  ground  parameter  interaction 
is  the  differential  scattering  cross-section  (0®)  rather  than  the  total 
cross-section  (o)  used  for  discrete  targets.  The  differential  scatter- 


^ Bush,  T.  F.  and  F.  T.  Ulaby,  "Fading  Characteristics  of  Panchromatic 
Radar  Backscatter  from  Selected  Agricultural  Targets,"  IEEE  Trans. 
Gbosc I . Electron. , Vol.  GE-13,  October  1976,  PP*  I^S-157. 

Peake,  W.  H.  , and  T.  L.  Oliver,  "The  Response  of  Terrestrial  Surfaces  at 
Microwave  Frequencies",  Technical  Report  AFAL-TR-70-301 , Air  Force 
Avionics  Laboratory,  Wright  Patterson  AFB,  May,  1971. 
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Table  1.  Radar  System/Ground  Return  Interaction  Pa-ameters; 

! 

A.  Radar  System  Parameters 

1.  Transmitted  Power; 

2.  Wavelength  of  Illuminating  Energy; 

3.  Polarization  of  Illuminating  Energy; 

k.  Illuminated  Area  (Related  to  the  duration  of  the  pulse 
of  Illuminating  energy  and  the  geometry  of  the  tran»mit/ 
rece i ve  antenna) ; 

5.  Direction  of  the  Illuminating  Energy. 

B.  Ground  Return  Parameters 

l.  Complex  Permittivity  (Conductivity  and  permittivity); 

2.  Roughness  of  Surface  Relative  to  Wavelength  of  Illuminat- 
ing Energy; 

3>  Roughness  of  Subsurface  to  Depth  where  Amplitude  of  Ilium 
Inating  Energy  Is  Attenuated  to  Negligible  Amount; 

k.  Shape  and  Orientation  of  Surface  and  Subsurface  Structure 
Relative  to  Wavelength  and  Direction  of  Illuminating 


ing  cross-section  Is  normally  used  because  It  describes  the  radar  return 
independent  of  the  area  of  Illumination.  The  total  cross-section  (a)  for 
terrain  varies  with  the  area  of  illumination.  For  the  most  part,  the 
total  cross-section  is  used  for  discrete  targets  which,  at  normal  radar 
ranges,  are  smaller  than  the  resolution  element  of  the  radar.  For 
discrete  targets,  o Is  a reasonable  model.  For  terrain,  the  variation  of 
a with  the  area  of  Illumination  makes  o an  intractable  model  for  the 
electromagnetic  properties  of  the  ground.  The  differential  scattering 
cross-section  (a°)  Is  defined  to  be  a description  of  the  radar  return 
per  unit  area  thereby  eliminating  dependence  of  the  grourid  model  on  the 
area  of  Illumination.  Use  of  is  necessary  to  make  radar  Image  simu- 
lation of  terrain  tractable  . 

1 . k. 2 . 2 Application  of  Empirical  o°  to  Distributed  Targets 

The  point  scattering  model  for  radar  image  simutatlon  has  been  de- 
veloped to  be  specifically  applicable  to  simulation  of  the  radar  return 
from  terrain.  The  model  Is  not  limited  to  terrain,  terrain  Is  Its  sim- 
ulation forte.  !n  particular,  the  model  Is  especially  applicable  to  ter- 
rain which  can  be  modeled  as  collecttnns  of  homogeneous  region?  which  are 
kirge  compared  with  the  radar  resolution  element  such  as  fields,  forested 
areas,  etc.  Such  areas  are  called  distributed  targets,  k'lth  distributed 
targets  as  the  model  for  the  terrain,  the  point  scattering  simulation 
model  reduces  to  the  particularly  simple  form  of  Equation  (5);  Section 
l.ir.  This  simplification  of  the  model  is  produced  by  the  arguments  lead- 
ing to  the  use  of  Equation  (7)  instead  of  either  (8)  or  (9),  Section  l.lr.l. 


* 

Note:  This  discussion  does  not  Imply  that  the  power  received  at  the 

antenna  which  was  reradlated  from  the  terrain  is  independent  of  tne 
area  of  Diuminatton.  In  fact,  the  return  power  Is  proportional  to 
the  summation  of  the  differential  scattering  cross-section  multiplied 
by  the  differential  area  of  each  scattering  center  (P  ct^l  What 

I“1 

this  discussion  means.  Instead,  is  that  one  degree  of  freedon  (dimen- 
sion) has  been  removed  by  the  use  of  Instead  of  o In  the  ground 
return  model.  Specifically,  a°  Is  independent  of  item  Ak  listed  in 
Table  1.  However,  this  dependence  is  properly  accounted  for  by  the 
point  scattering  radar  image  simulation  model;  see  Section  1.  3.1.1  • 
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for  the  equation  governing  the  radar  system  and  ground  Interaction 
problem.  Those  arguments  will  not  be  repeated  here.  Only  the  salient 
points  of  Interest  are  discussed. 

The  notions  of  homogeneity  of  the  distributed  targets  and  their 
size  compared  to  a radar  resolution  cell  are  important.  With  these 
qualifications  and  the  statistical  property  of  random  location  in  the 
ground  cell  of  a large  number  of  scattering  centers,  an  average  value 
of  the  differential  scattering  cross'sect ion  can  be  used  (Instead  of  the 
actual  value  for  each  scattering  center  within  the  resolution  cell). 

The  Importance  of  these  requirements  are  immediately  obvious  upon  noting 
that  all  empirical  a°  values  contained  In  the  RSL  data  bank  and  most 
reported  In  the  literature  have  been  measured  In  accordance  with  these 
properties.  They  (the  empirical  data)  represent  the  average  value  of 
0°  of  all  the  scattering  centers  located  within  a homogeneous  region 
which  Is  larger  than  the  resolution  element  of  the  measuring  radar  system. 
For  this  very  Important  reason,  empirical  differential  scattering  cross- 
section  data  are  an  exceptionally  good  model  of  the  radar  return  from 
terrain  for  radar  Image  simulation.  The  empirical  data  are  valid  repre- 
sentations of  the  radar  return  from  terrain  until  one  of  the  necessary 
assumptions  (homogeneity,  cell  size,  number  of  scatterers,  placement  of 
scatterers)  Is  violated.  This  means  that  empirical  data  can  be  used  for 
simulation  over  an  extremely  wide  range  of  radar  systems  and  terrain 
types.  For  a number  of  cases  where  one  or  more  of  the  necessary  conditions 
Is  violated,  an  evaluation  of  the  radar  system  ground  properties,  and 
use  of  the  simulated  Image  may  show  that  It  Is  reasonable  to  use  empirical 
data  to  approximate  the  scattering  properties  of  the  scene.  Other  situa- 
tions may  show  that  cleverness  of  implementation  of  the  simulation  model 
will  allow  use  of  empirical  data  vjhere  it  otherwise  would  be  unsuitable. 
These  comments  aside,  the  point  to  be  made  Is  that  empirical  data  are 
exactly  the  right  model  to  use  for  the  ground  radar  returns  from  the 
scenes  to  which  the  point  scattering  radar  Image  simulation  model  is  best 
applied.  No  general  rules  have  yet  been  Identified  which  relate  resolu- 
tion cell  size  or  homogeneity,  number,  and  placement  of  scatterers  to 
the  suitability  of  using  empirical  data  for  the  ground  return  model. 
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This  Is  not  to  say  that  empirical  data  are  a panacea  for  the  radar 
imaqe  simulation  problem.  It  Is  not  reasonable  to  expect  to  measure  o" 
for  all  possible  combinations  of  frequency,  polarizations,  scattering 
types,  seasonal  variations,  growing  seasons,  etc.;  the  dimensions  of  the 
problem  are  too  large.  In  addition,  variations  In  calibration  techniques 
used  by  different  researchers  results  In  variations  in  the  accuracy  of 
reported  in  the  literature.  Theoretical  scattering  models  are  very  much 
a necessity  to  extend  and  extrapolate  the  data  that  are  measured  to  other 
conditions. 

1.14.2.3  Accuracy  of  Empirical  g°  Data 

One  final  question  needs  to  be  examined  In  this  discussion  of  the 
validity  of  using  differential  scattering  cross-section  data  to  model  the 
radar  ground  return:  The  question  of  accuracy  of  the  empirical  data.  This 
is  a very  difficult  question  to  assess  because  there  are  rarely  clear  and 
unambiguous  definitions  of  accuracy.  Certainly,  for  radar  Image  simulation 
results  to  be  realistic,  the  data  must  be  accurate.  But  accurate  here 
means  two  different  things:  (1)  Accuracy  of  the  empirical  data,  (2)  accur- 
of  specification  of  the  scattering  tynes  In  the  scene.  The  first  type 
of  accuracy  is  the  one  of  Importance  to  this  discussion.  The  second  type 
Is  controllable  by  the  exercise  of  care  In  being  meticulous  In  specifying 
terrain  types  and  boundaries  when  ground  truth  data  bases  are  built  as 
well  as  acquiring  good  around  truth  v/hen  empirical  data  were  nrlnlnally 
collected.  This  accuracy  of  specification  of  the  scattering  categories 
in  the  data  base  Is  directly  related  to  the  time,  effort,  and  resources 
expended  to  construct  each  data  base. 

The  question  of  the  accuracy  of  the  empirical  data  is  another  matter. 
Generally,  accuracy  can  be  separated  into  two  part:  Relative  and  absolute 
accuracy.  Relative  accuracy  Is  here  considered  to  be  represented  by  the 
bias  error  (offset)  between  the  measured  value  and  true  value  of  o”  . Ab- 
solute error  Is  considered  to  be  the  statistical  fluctuations  of  the  mea- 
sured data.  With  these  definitions  In  mind,  then,  the  relative  error 
would  be  the  difference  between  the  mean  value  (central  tendency)  curve 


59 


and  true  value  curve  while  the  absolute  error  would  be  the  variation  of 
each  average  value  from  the  central  tendency. 

On  the  assumption  that,  given  the  definitions,  the  absolute  error 
of  the  empirical  data  Is  strictly  less  than  the  error  of  specification 
of  scattering  types  and  boudarles  In  the  data  base,  this  type  of  error 
is  Insignificant.  On  the  other  hand,  relative  error  is  significant.  If 
all  empirical  data  used  In  the  simulation  of  a scene  were  measured  by 
the  same  system,  then  the  relative  error  could  be  easily  calibrated  out 
of  the  simulated  image,  or.  If  a calibrated  image  Is  not  necessary,  It 
could  be  safely  Ignored.  If  empirical  data  collected  by  different  systems 
are  mixed  to  produce  a simulated  Image,  It  will  be  necessary  to  evaluate 
the  results  against  some  standard  having  the  proper  radar  parameters 
such  as  a real  Image  of  a scene  containing  the  suspected  categories. 

This  comparison  can  be  used  to  Identify  empirical  data  sets  having  bias 
errors.  These  bias  errors  can  then  be  traced  to  the  source  and  the  mat" 
ter  resolved.  In  fact,  this  evaluation  of  o'’  data  has  been  done  for 
some  of  the  empirical  data  sets  used  to  produce  simulated  radar  Images 
In  the  work  reported  In  this  document. 

Therefore,  It  needs  to  be  reiterated  that  empirical  differential 
scattering  cross-section  data  together  with  theoretical  scattering 
studies  form  a very  good  model  for  the  microwave  electrogmognetlc  proper- 
ties of  the  ground.  Absolute  accuracy  of  o”  Is  Insignificant  compared 
to  data  base  accuracy.  Relative  errors  can  be  either  removed  by  cal- 
ibration, or  safely  Ignored  for  some  applications,  or  Identified  and 
corrected. 
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1.4.3  Validity  of  the  Data  Base  Concept 

The  point  scattering  radar  image  simulation  model  Is  ideally  suited 
For  implementation  on  the  diigital  computer.  This  Implementation  of  the 
model  explicitly  means  that  a continuous  process  (operation  of  Imaging 
radar)  Is  being  approximated  by  a discrete  process  (simulation  by  digital 
computer).  The  ramifications  of  this  approximation  must  be  evaluated  on 
a simulation  by  simulation  basis. 

Short-pulse-length  Imaging  radars  are  continuous  processes.  A short 
pulse  of  energy  traveling  at  the  speed  of  light  and  having  a wavelength  In 
the  microwave  portion  of  the  electromagnetic  spectrum  is  radiated  to  the 
ground  confined  by  a directional  antenna  to  Illuminate  only  a narrow  strip. 
This  beam  of  energy  Is  confined  In  the  azimuth  direction  by  the  physical 
width  of  the  antenna  and  In  the  range  direction  by  the  length  of  the  pulse. 

A fraction  of  this  energy  Is  reradlated  from  the  ground  back  to  the  antenna. 
The  receiver  processes  the  received  energy  by  the  time  of  arrival;  the 
energy  reradlated  from  closer  features  will  be  received  and  processed 
sooner  than  the  energy  from  features  which  are  farther  away.  The  output 
of  the  receiver  is  a video  signal  which  represents  the  intensity  profile 
versus  time  (and,  thus,  distance)  of  the  energy  reradlated  from  the 
ground.  This  video  signal  can  be  used  to  Intensity  modulate  the  electron 
beam  of  a cathode  ray  tube  (CRT)  for  a real  aperture  system  and  the 
radar  Image  can  be  built  pulse  by  pulse.  The  process  Just  described 
Is  continuous  In  the  range  direction  and  Is  discrete  in  the  azimuth 
direction.  Each  pulse  of  energy  Illuminates  the  entire  length  of  the 
swath  being  Imaged  In  the  range  direction.  The  reradlated  energy 
returning  from  a given  range  sweep  is  continuously  processed  versus 
time  and  the  resultant  video  signal  represents  one  sweep  across  the 
CRT  (one  range  sweep),  The  width  In  the  azimuth  direction  of  each 
range  sweep  Is  defined  by  the  physical  length  of  the  directional 
antenna.  Entire  scenes  are  built  up  of  the  range  sweeps  corresponding  to 
a large  number  of  Individual  pulses  as  the  aircraft  (or  satellite)  carry- 
ing the  radar  moves  across  the  scene.  The  rate  at  which  Individual  pulses 
are  transmitted,  received,  and  processed  Is  known  as  the  PRF  (Pulse 
Repetition  Frequency).  The  PRF  together  with  the  velocity  of  the  vehicle 
defines  the  number  of  samples  per  unit  distance  (number  of  range  sweeps) 
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In  the  azimuth  direction  which  are  collected.  The  sampling  rate  is  nor- 
maliy  quite  high  meaning  that  the  vehicle  moves  only  a very  small  Incre- 
mental distance  between  pulses  (range  sweeps)  and  the  scene  is  thus 
over-sampled.  This  is  the  process  which  is  being  modeled  by  the  point 
scattering  simulation  method.  (To  simulate  a SAR  - Synthetic  Aperture 
Radar  - the  appropriate  steps  would  be  taken  to  achieve  sufficient 
azimuthal  sampling.) 

The  basic  simulation  model  hinges  around  the  concept  of  a minimum 
resolution  element.  For  short-pulse  radars,  the  minimum  resolution 
distance  In  the  range  direction  Is  defined  to  be  proportional  to  the 
length  of  the  transmitted  pulse  of  energy.  For  narrow  beamwidth  radars, 
real  or  synthetic,  the  minimum  resolution  distance  In  the  azimuth 
direction  Is  defined  to  be  proportional  to  the  physical  length  of  the 
antenna.  The  minimum  resolution  element,  or  cell.  Is  then  defined  to 
be  the  area  on  the  ground  described  by  the  product  of  these  two  resolu- 
tion distances  (range  x azimuth)^.  This  concept  of  a resolution  cell 
relates  to  real  Imaging  radars  and  insofar  as  the  pulse  length  Is  short 
and  the  antenna  beamwidth  narrow,  the  resolution  cell  concept  Is  a 
good  approximation  to  reality.  The  resolution  cell  concept  lends 
Itself  very  nicely  to  the  problem  of  modeling  a real,  continuous,  pro- 
cess. The  specific  details  of  calculating  the  cell  size  for  simulation 
purposes  were  discussed  in  previous  sections  (1.1*. 1.2  and  l.l♦.l.3). 

Having  discussed  the  validity  of  using  resolution  cells  to  properly 
model  the  operation  of  real  Imaging  radars.  It  is  now  necessary  to  discuss 
the  ramifications  of  modeling  the  scene  as  a collection  of  discrete  cells. 
Recall  that  the  point  scattering  model  is  Ideally  suited  to  simulate  the 
radar  returns  from  distributed  terrain.  This  means  that  the  terrain  Is 
modeled  as  consisting  of  homogeneous  regions  which  are  larger  than  the 
radar  resolution  cell.  Given  this  as  the  situation,  then  it  can  be  seen 
that  It  is  entirely  reasonable  to  model  the  terrain  as  discrete  cells  so 
long  as  each  coll  is  at  least  as  small  as  the  radar  resolution  cell.  If 
either  condition  Is  not  met  for  specific  cases  (terrain  can  be  modeled 
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as  homogeneous  regions,  and  resolution  cell  Is  smaller  than  an  homogen- 
eous region)  then  the  point  scattering  simulation  method  may  not  be 
applicable  for  those  cases.  However,  a case-by-case  evaluation  will 
show  whether  It  Is  reasonable  to  go  ahead  and  use  the  model  to  appro- 
ximate the  actual  situation,  or  to  modify  the  model,  or  to  salvage  the 
situation  In  some  other  way. 

Over  the  range  of  resolutions  that  the  basic  model  and  supporting 
data  (o*)  are  valid.  It  Is  reasonable  to  model  the  ground  as  a matrix 
of  Independent  homogeneous  regions  which  are  at  least  as  small  as  the 
resolution  cell  of  the  radar  being  simulated.  This  matrix  of  data  Is 
called  a ground  truth  data  base  and  Includes  (at  least)  the  scattering 
type,  and  position  and  elevation  for  each  cel).  This  simple  model  of  the 
ground  (ground  truth  data  base)  works  well  over  the  middle  range  of  radar 
resolutions.  In  this  range,  the  resolution  cell  size  Is  sufficiently 
small  that  the  scene  Is  adequately  sampled  to  permit  complete  visual  res- 
toration of  the  scene.  It  needs  to  be  emphasized  that  complete  visual 
restoration  means  that  the  simulated  scene  has  data  points  spaced  close 
enough  relative  to  the  wavelength  of  the  transmitted  energy  and  relative 
to  changes  In  the  terrain  that  the  resultant  Image  "looks"  continuous 
Just  as  does  a real  radar  Image  of  the  same  scene.  Toward  either  extreme  of 
resolution  (either  very  fine  or  very  coarse)  this  model  breaks  down. 

At  the  coarse  resolution  extreme,  the  sampling  of  the  scene  becomes 
spaced  too  far  apart  and  the  simulated  radar  Image  takes  on  a very  blocky 
appearance.  The  answer  to  this  problem  Is  to  make  each  element  of  the 
ground  truth  data  matrix  smaller  than  the  size  of  the  radar  resolution 
cell  and  then  combine  the  returns  from  (weighted  by  antenna  pattern)  an 
appropriate  number  of  cells  to  make  up  a resolution  cell.  This  approach 
was  utilized  to  great  effect  In  Section  (4.0)  and,  In  fact,  can  be  used 
for  simulating  any  resolution  radar.  At  the  other  extreme,  very  fine 
resolution,  the  problems  of  constructing  a data  base  with  the  requisite 
fineness  become  enormous.  And,  at  the  far  extreme,  the  model  begins 
to  breakdown  because  one  or  more  of  the  basic  tenets  are  violated;  for 
Instance,  the  number  of  Independent  scattering  centers  In  a resolution 
cell  become  too  few  for  Equation  (7)  to  be  valid.  But,  for  the  vast  ma- 
jority of  cases,  the  concept  of  modeling  the  ground  by  a ground  truth 
data  matrix  remains  valid. 
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Validity  of  the  Radar  Receiver  Model 

As  was  previously  stated,  the  point  scatterlnc]  radar  Image  simula- 
tion model  was  derived  from  the  closed  system  model  consisting  of  ground 
scene,  radar  system,  and  Image  medium.  The  dielectric  properties  of  the 
ground  are  essentially  modeled  by  the  differential  scattering  cross-section 
(Section  1.4.2)  and  the  location,  elevation,  and  scattering  type  of  each 
point  on  the  ground  are  modeled  by  a ground  truth  data  matrix  (Section 
1.4.3).  The  radar  system  and  ground  property  parameter  Interactions  are 
modeled  by  the  radar  equation  (Section  1.4.1).  The  next  step  Is  to  model 
the  actual  transfer  function  of  the  radar  receiver  It  Is  desired  to 
simulate.  Once  this  step  Is  performed  and  the  receiver  transfer  function 
Is  Incorporated  Into  the  software  Implementation  of  the  basic  point  scat- 
tering model,  the  model  Is  then  designed  for  a specific  application.  For 
the  purposes  of  this  report  It  was  assumed  that  the  receiver  transfer 
function  was  linear.  That  Is,  It  was  assumed  that  the  average  power  re- 
turned to  the  antenna  terminals  as  calculated  by  the  radar  equation  dif- 
fers from  the  power  out  of  the  receiver  only  by  a constant  which  can  be 
seen  to  be  a scaling  factor.  Another  way  of  saying  this  same  thing  Is 
that  the  Intensity  (1)  out  of  the  receiver  Is  given  byi 

I - MPj,  (37) 

whero:  ■ Value  of  the  roturn  power  referenced  to  the  antenna 

terminals  (F.quatlon  (2)  or  (3)): 

M ■ Constant  ■ Receiver  transfer  function  (same  as  In  Equation 
(5). 

This  simple  model  most  certainly  Is  not  exact.  But,  for  the  work 
reported  here  It  was  an  unnecessary  additional  expense  of  computational 
complexity  and  computer  costs  to  model,  explicity,  the  receiver  transfer 
function.  Incorporation  of  a real  receiver  transfer  function  would 
be  very  straightforward.  No  significant  degradation  of  these  results 
was  caused  by  using  a linear  model  for  the  receiver.  In  fact,  the 
receiver  transfer  function  really  only  becomes  important  where  the  re- 
ceiver significantly  departs  from  linearity.  For  the  most  part, 


the  results  reported  here  were  produced  for  20  dB  of  the  center  portion 
of  the  dynamic  range  normally  available  in  an  imaging  radar.  This  is  the 
region  where  the  linearity  assumption  Is  most  valid.  To  take  the  argument 
one  step  farther,  a real  receiver  transfer  function  becomes  Important  in 
either  highly  non- linear  receivers  (or  those  portions  of  their  dynamic 
range)  or  In  cases  where  it  Is  necessary  to  produce  calibrated,  simulated 
radar  Images  with  a specified  absolute  accuracy. 

I . A . 5 Validity  of  the  Image  Medium  Model 

Discussion  of  the  Image  medium  will  complete  this  discussion  of  the 
assumptions,  limitations,  and  constraints  of  the  point  scattering 
radar  Image  simulation  model.  This  is  the  final  portion  of  the  closed 
system  model  referenced  In  Section  (1.4.4).  The  basic  model  can  be 
set-up  for  any  Imaging  medium.  But,  the  model  reported  In  Equation  (5) 

Is  set-up  for  film  to  be  the  final  product.  This  Is  a very  reasonable 
imaging  medium  In  the  light  of  the  fact  that  all  the  results  reported 
In  this  report  are  photographs.  The  basic  properties  of  Film 
and  the  relationship  of  film  to  power  are  taken  from  Goodman^.  The 
Intenslt'’  (1)  of  the  radar  signal  out  of  the  recniver  Is  related  to  the 
density  (0)  of  sliver  grains  In  the  emulsion  of  film  by! 

D » Ylog,Ql  + logjpk  (38) 

where:  y ■ Film  gamma  ■ Transfer  function  of  film; 

k ■ A positive  constant  which  depends  upon  the  exposure  time  and  on 
the  film  processing  and  development. 

With  the  result  of  Section  ( 1.4.4),  the  radar  receiver  transfer 
function  (M)  can  be  Incorporated  into  Equation  (38)  by  using  Equation  (37) 
and  substituting  for  the  Intensity  (I)  as  follows: 


D - TlogjgF^  + Ylogj^M  + 'oSjok 


Goodman,  J.  W. , "Introduction  to  Fourier  Optics,"  McGraw-Hill,  |nc.  1968. 
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This  relationship  is  true  only  In  the  linear  portlonof  the  transfer  func- 
tion of  film.  This  condl tion  Is easi ly  met  by  scaling  the  return  power 
to  the  linear  portion  of  the  dynamic  range  of  the  film,  and  by  bracket- 
ing each  scene  with  a sufficient  number  of  exposures  to  insure  that  a 
good  one  was  taken. 

A penalty  Is  Imposed  on  the  model  by  the  selection  of  ordinary  film 
as  the  image  medium.  The  dynamic  range  of  film  Is  something  less  than 
20  dB  while  the  dynamic  range  of  a typical  scene  of  terrain  may  be  60 
dB  and  possibly  as  much  as  80  dB.  Obviously,  with  film  as  the  Image 
medium,  at  most  20  dB  of  this  range  Is  attainable.  The  20  dB  of  Inter- 
est can  be  selected  by  proper  adjustment  of  various  constants  In  the 

model,  (eg.,  Gq  , g,  and  the  return  power  from  a point:  Equation  5). 
nc 

For  present  purposes,  the  model  Implemented  relating  the  detected 
Intensity  out  of  the  radar  receiver  to  the  density  of  the  silver  grains 
In  the  film  emulsion  Is  reasonable.  Any  other  Imaging  medium  can  bn 
used  with  the  point  scattering  model  providing  the  appropriate  transfer 
function  la  Incorporated. 
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SLAR  SIMULATION  AND  VALIDATION 


The  purpose  of  this  section  is  two*fold:  (])  Enumeration  and  des- 
cription of  the  activities  at  RSL  within  the  contract  year  resulting  In 
simulation  of  side-looking  airborne  radar  Images,  and  (2)  Validation,  both 
quantitative  and  qualitative,  of  the  point  scattering  method  and  Its  soft- 
ware implementation.  The  scope  of  the  work  Is  limited  to  two  validation 
scenes  (simulated  radar  Images),  produced  from  two  sets  of  flight  parameters, 
one  radar  system  model,  and  two  data  base  sites.  Real  Imagery  purchased 
solely  for  the  validation  task  was  obtained  In  a SLAR  format  (Poodyear, 
model  number  APO-10,  synthetic  aperture  radar,  resolution  10  feet  by  15  feet), 
but  not  for  PPI  (Plan-Position  Indicator)  format.  The  effort  Involved  in 
SLAR  validation  Is^thus^a  one  step  process  (I.e.,  compare  the  simulated 
to  the  real  radar  Imagery).  The  result  of  the  validation  will  be  discussed 
later  In  Subsection  2.5. 

2 ■ I Work  Plan 


The  successful  completion  of  the  SLAR  tasks  depended  upon  several 
Inierrelated  activities!  (1)  Selection  of  a suitable  terrain  site*,  (2) 
Production  of  a data  base;  (3)  Formation  of  a sufficient  catalogue  of 
empirical  br  theoretical  ground  return  data  (o°  ) ; (V)  Development  and 
refinement  of  the  digital  implementation  of  the  point  scattering  method; 
and  (5)  Simulation  of  radar  Imagery. 

The  first  category  of  work.,  selection  of  a test  site,  depended  upon 
the  satisfaction  of  several  criteria  by  the  site.  Since  the  validation 
was  envisioned  to  consist  of  a comparison  between  real  and  simulated  imagery, 
it  wao  known  that  the  flight  and  system  parameters  of  the  real  and  simula- 
ted radars  should  coincide  to  the  greatest  degree  possible.  The  fore- 
most criteria  for  the  selection  process  naturally  became:  (1)  Real  radar 
Image  data  of  the  test  site  must  exist;  (2)  The  test  site  should  be  re- 
presentative of  a wide  variety  of  radar  categories;  (3)  Elevation  and  planl- 
metrlc  data  should  be  obtainable:  (4)  A resource  for  identifying  the  radar 
categories  within  the  planimetry  map  must  exist  (e.g.,  aerial  photograph); 


and  (5)  Empirical  differential  scattering  cross-section  data  (or  theoretical 
scattering  models)  for  the  categorized  scattering  types  within  the  test  site 
should  be  available.  The  Pickwick  Dam  site  met  the  criteria  (1)  through 
(It)»  and  was  selected  for  the  year's  efforts.  Though  an  Insufficient  cata- 
logue of  differential  scattering  cross-section  data  was  found  to  exist  In 
the  RSL  data  bank  for  the  categories  within  the  Pickwick  site,  this  problem 
was  resolved  by  appeal  to  the  literature,  theory,  and  extrapolation  of 
empirical  data,  and  In  part  by  Intuition.  Although  the  current  catalogue 
of  o°data  Is  considered  far  from  the  most  desirable  set.  It  has  allowed 
experimentation  and  validation  to  proceed  with  good  results, 

Prior  to  Initiation  of  efforts  toward  the  second  task,  production 
of  a data  base,  the  real  radar  system  being  used  for  validation  was  con- 
sidered. For  verification  purposes  the  system,  resolution  and  flight 
parameters  of  the  real  radar  were  being  mimicked  to  a reasonable  extent. 
However,  simulating  the  very  fine  resolution  of  the  real  radar  was  regarded 
to  be  computationally  and  time-wise  unwleldy^and  neither  elevation  nor  planl- 
metrlc  data  were  available  at  the  resolution  of  the  APD-10  system.  The  un- 
known factor  Involved  In  construction  of  the  data  base  was  the  number  of 
data  points  whose  properties  should  be  combined  to  determine  the  properties 
of  a resolution  cell.  The  decision  was  made  to  take  full  advantage  of  the 
available  elevation  data  (a  rectangular  grid  matrix  with  a resolution  in 
both  dimensions  of  6.25  meters  or  20.51  feet).  The  simulated  resolution 

•.V 

was  chosen  to  bo  60  feet  x 60  feet  so  the  planimetric  detail  in  the  ground 
truth  data  base  was  designed  to  be  fine  enough  so  that  the  simulated  Imagery 
would  contain  the  same  category  Information  that  would  appear  In  Imagery 
gathered  by  an  actual  60  foot  resolution  system.  The  matrix  method  of  sym- 
bolically representing  terrain  for  simulation  purposes  Is  a discrete  sampling, 
and  the  digital  simulation  of  radar  imagery  Is  a reconstruction  process. 

Future  studies  must  determine  the  sampling  Interval  needed  for  the  terrain 
properties  of  elevation  and  backscatter  response.  Thn  lower  bound  of  data 

Abbott,  J.  L. , R.  L.  Martin,  H.  McNeil,  V.  H.  Kaupp,  and  J.  C.  Holtzman, 
"Backscatter  Data  for  the  Digital  Radar  Image  Simulation  of  the  Pickwick, 
Alabama  Site,"  TR  3l9"7i  Remote  Sensing  Laboratory,  The  University  of 
Kansis,  February,  1977.  Included  In  Appendix  G,  Vol,  II,  ETL  TR-0118. 

>'•  Note  the  use  of  square  resolution  cells.  Independent  of  radar  range.  This 
assumption  is  explained  in  Section  I.A.1.3. 
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point  density  has  not  been  determined,  but  It  has  since  been  observed  that 
the  current  practice  of  using  approximately  nine  data  points  per  resolution 
cell  Is  more  than  adequate,  based  on  the  quality  of  simulated  Images.  With 
the  expectation  that  6.25  meter  data  base  resolution  woula  be  fine  enough 
for  the  ultimate  goal  of  simulating  a 60  foot  resolution  system,  the  pro- 
duction of  the  data  base  resumed. 

Elevation  data  stored  on  computer-compatible  digital  magnetic  tapes 

were  obtained  from  ETL.  Extraction  of  the  radar  planimetry  data  from  maps 

12 

and  aerial  photographs  was  pursued.  This  effort  consisted  of  delineation 
and  categorization  of  homogeneous  areas  (at  microwave  frequencies)  of  the 
test  site.  Both  cultural  targets  (those  Incapable  for  various  reasons  of 
being  characterized  by  a differential  scattering  cross-section)  and  area- 
extensive,  "distributed"  targets  were  Identified.  A digitized  form  of  the 
planimetry  and  data  was  organized  Into  a two-dimensional  matrix  compatible 
with  the  elevation  data.  The  digital  planimetry  and  elevation  matrices  were 
merged  and  stored  on  magnetic  tapes.  The  Information  contained  on  the 
tapes  Is  referred  to  as  the  ground  truth  data  base  because  the  matrix 
describes  both  the  geometric  and  electromagnetic  properties  of  the  terrain 
(In  sampled,  discrete  form),  and  the  point  scattering  method  uses  only  this 
Information  about  the  terrain  to  describe  the  "radar  version"  of  the  scene. 

Simultaneously,  goals  (3)  and  (A)  were  achieved,  that  Is,  the  micro- 

wave  reflectivity  data  were  gathered  and  the  Implementation  software  was 

refined.  The  majority  of  data  deemed  useful  was  generated  at  RSL,  where 

A 

an  extensive  agr Icul ture/sol I moisture  data  bank  exists-  The  resources  for 
theoretical  scattering  models  were  also  found  at  BSL.  The  computer  package 
which  was  produced  by  the  Kansas  simulation  group  was  structured  for  compu- 
tational and  trouble-shooting  efficiency.  The  point  scattering  method 
embodied  In  the  programs  Is  general  In  the  sense  that  for  any  radar  system 
model,  any  flight  parameters  and  any  ground  truth  data  base,  Imagery  can 
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be  generated.  In  an  operational  environment,  It  Is  advantageous  to  adapt 
the  general  simulation  package  to  the  specific  application.  To  accomodate 
a certain  radar  and  data  base,  the  computer  software  can  be  greatly  simpli- 
fied, resulting  In  time  and  cost  savings. 

Upon  the  successful  achievement  of  the  goals  (I)  through  (A),  the 
remaining  goal  was  to  produce  simulated  Imagery  In  the  form  of  strip  maps 
and  to  Judge  Its  performance.  Within  the  test  site  two  large  swaths  were 
"Imaged"  by  the  simulated  radar,  and  these  areas  correspond  exactly  to  two 
swaths  Imaged  by  the  real  radar  for  which  Imagery  was  purchased.  The 
simulation  process  consists  of  running  the  computer  programs  and  supplying 
the  ground  truth  data  base  as  an  Input  which  Is  read  Into  the  computer.  The 
final  output  of  the  computer  programs  Is  a magnetic  tape  containing  "Image 
data".  The  Images  produced  are  reported  In  Subsection  2.5  In  addition  to 
the  validation  Imagery  and  brief  analyses. 

2.2  SLAR  Val Idatlon  Data  Base 


A ground  truth  data  base  was  constructed  of  the  topographic  area  in 
the  states  of  Tennessee,  Mississippi,  and  Alabama  for  a square 
centered  on  the  northwest  corner  of  the  Power  House  Building  at  the  Pick- 
wick Landing  Dam  across  the  Tennessee  river.  After  specification  of  the 
test  site  and  radar  system  parameters,  source  data  were  acquired  from  which 
tlip  ground  truth  data  base  could  be  built.  Construction  of  the  data  base 
was  separated  Into  two  halves.  The  first  half  was  acquisition  of  elevation 
data  which  accurately  modeled  the  relief  present  in  the  topography  of  the 
test  site.  The  second  half  was  construction  of  a feature  map  which  accurately 
represented  the  geometry  and  radar  return  (dielectric)  properties  of  the 
objects  and  features,  natural  and  man-made,  present  In  the  test  site.  The 
construction  details  of  making  this  data  base  for  SLAR  validation  are  dis- 
cussed In  Section  5<  These  details  will  not  be  repeated  here. 

Within  the  boundaries  of  the  ground  truth  data  base  were  several 
swaths  Imaged  by  the  APD-IO  radar.  For  verification  purposes  some  of  the 
terrain  common  to  the  Imagery  and  data  base  was  used  as  the  SLAB  validation 
base  with  which  radar  simulations  were  produced. 
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From  this  Inrtjt'  dnt.i  base,  two  areas  were  chosen  for  validation  of 
the  point  scattering  method  and  its  computer  implementation.  Figures  9 
and  10  illustrate  the  terrain  of  Interest,  with  the  appropriate  dimensions, 
distances  to  ground  tracks  and  altitudes  included. 


SLAR  Simulation  Model 


Cognizant  of  the  purpose  (validation)  and  scope  (one  radar  system, 
two  data  base  test  sites,  two  radar  flight  paths)  of  the  SLAR  task,  the 
members  of  the  simulation  group  adapted  the  general  point  scattering  model 
through  alterations  In  the  simulation  sol;  •/are  (without  affecting  the  basic 
theory).  A special  simulation  computer  program  was  generated  for  each  radar 
look  direction  (I.e.,  the  specific  flight  parameters  were  Incorporated  Into 
the  program  for  each  swath);  a copy  of  one  version  Is  reported  in  Volume  11.'^ 
The  outlined  method  of  validation  is  a subjective  comparison  of 
real  (APO-IO)  and  simulated  Imagery,  thus  it  is  understandable  that  the 
frequency,  polarizat ion,  receiver  transfer  function  and  Image  medium  should 
be  duplicated  (In  effect)  by  the  simulated  system.  Both  the  real  and  simulated 
systems  operate  at  X-band  with  HH  (transmit/receive)  polarization.  The 
near  range- lo-far  range  power  difference  correction  for  both  side“look!ng  systems 


is  accomplishod  by  antenna  p.3ttern  weighting  in  the  vertical  dimension  by 
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sec  0,  where  9 is  the  incidence  angle.  The  azimuth  antenna  gain  function 
was  set  to  be  a constant,  which  may  be  assumed  for  a very  narrow  beamwidth, 
for  example  the  synthetic  beamwidth  of  a focused  SAR. 

One  aspect  of  the  validation  process  which  Is  of  great  Interest  is 
the  shape  of  resolution  ceils  for  the  real  and  simulated  imagery.  The 
simulation  programs  Implement  the  scanning  of  the  data  base  such  that  no 
sidelobe  effects  are  accounted  foi . Also,  the  azimuth  resolution  does  not 
widen  with  Increasing  range,  which  is  opposed  lo  tiic  case  for  the  standard 
real  aperture  radar.  Rather,  the  simulated  radar  takes  on  the  appearance, 
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and  produces  Imagery  that  has  SAR  (Synthetic  Aperture  Radar)  qualities. 

The  resolution  cells  are  rectangular,  similar  to  the  synthetic  aperture 
case  where  the  synthetic  beamwidth  narrows  as  1/R  so  that  the  azimuth 
resolution  does  not  degi-ade  with  range.  The  contribution  of  sidelobes, 
which  are  a natural  consequence  of  any  antenna,  whether  real  or  synthetic 
aperture,  are  not  Included  as  a first  order  effect  In  the  simulation  but 
may  be  Implemented  later.  The  resolution  of  the  APD-IO  radar  Is  10  feet 
by  15  feet  (azimuth  by  range,  respectively),  whereas  the  simulated  radar 
has  60  feet  x 60  feet  resolution.  Therefore,  a great  deal  of  detail  may 
be  discerned  from  the  real  Imagery  that  will  be  absent  In  the  simulation. 

Large  areas  of  homogeneous  radar  categories  siiould  be  similar  between 
the  two  sets  of  Imagery  despite  resolution  discrepancies. 

The  transfer  function  of  the  optical  processing  of  the  real  radar 
signal  film  has  not  been  modeled.  The  return  signal  Is  stored  as  voltage 
and  phase  on  signal  film  and  optically  processed  (focused  SAR)  to  retain 
the  high  resolution  characteristics.  The  simulated  radar  records  only 
power  which  Is  the  output  of  the  square  law  detector  In  the  modeled  linear 
receiver.  Thus,  the  magnitude  of  the  video  signal  Is  directly  propor- 
tional to  the  average  return  power.  The  gross  radar  phenomena  are  equiv- 
alent for  the  real  and  simulated  systems,  e.g.,  layover,  shadow,  range 
compression  (slant  range  mode),  and  scattering  behavior  of  the  terrain. 

Signal  fading  and  multipath  which  are  apparent  in  SAR  Imagery  are 
also  phenomena  common  to  any  radn  Imagery  but  the  extent  to  which  they 
are  v'sible  In  Imagery  depends  upon  the  resolution  of  the  system  (govern- 
ing the  amount  of  averaging)  and  of  course  upon  the  number  of  scatterers 
In  the  resolut Ion  cell. 

Signal  fading  has  been  Implemented  In  the  simulation  to  mode!  the 

q 

statistical  fluctuations  of  the  average  return  power  ; however,  due  to 
— 
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the  number  of  independent  samples  averaged,  its  presence  Is  less  notice- 
able  than  in  the  real  radar  Imagery. 

The  radar  platform  was  modeled  as  traveling  at  a uniform  velocity 
and  remaining  stable  throughout  the  flight  (no  yaw,  pitch  and  roll 
problems).  The  compensation  for  flight  variations  In  the  real  Imagery 
is  accounted  for  In-flight,  so  the  comparison  should  remain  valid  with 
the  aspects  (flight  parameters)  of  the  overall  problem  taken  Into  ac- 
count. In  the  two  validations  being  presented,  the  simulation  and  real 
altitudes,  near  range  distances  and  swath  widths  have  been  assured  to 
be  equivalent. 

The  dynamic  range  and  contrast  of  the  real  and  slhiulated  imagery 
will  appear  different  because  the  simulation  utilizes  a full  20  dB  range 
in  which  the  photographic  meaium  Is  a linear  Intensity  recorder.  The  real 
Imagery  has  a compressed  dynamic  range  so  that  the  f I el d- to- f ie 1 d 
variation  in  greytones  Is  not  as  apparent.  Rather  than  suppressing  the 
information  content  In  the  simulations,  advantage  has  been  taken  of  the 
full  linear  dynamic  range  of  film  so  that  L,.e  discrimination  ability  of 
the  simulated  system  can  be  <'bserved. 

The  pulsed  nature  of  the  simulated  signal  Is  Implemented  through  the 
resolution  cell  concept.  The  direct  relationship  between  the  range  resolu- 
tion find  the  pulse  width  (in  time)  can  be  used  to  show  that  the  pulsed 
nature  of  Imaging  radars  had  been  Implemented  in  the  simulation.  Previously 
stated,  the  operating  center  frequencies  are  very  close  within  the  X band. 
The  linear  FM  rate  or  chirp  of  the  real  radar  Is  implemented  In  effect,  also 
through  the  resolution  cell  concept  because  the  range  resolution  Is  directly 
related  to  the  pulse  width,  and  Inversely  proportional  to  the  RF  bandwidth. 

As  a conclusion  to  the  previous  paragraphs  about  similarity  between 
the  radar  systems,  flight  parameters,  terrain,  and  Imagery  being  scrutin- 
ized, a good  deal  of  effort  has  been  made  to  arrange  a fair  test  (subjec- 
tive though  It  may  be).  The  major  obstacle  In  the  comparison  Is  the  dif- 
ference In  resolution  between  the  real  and  simulated  systems,  Allowances 


must  be  made  for  the  details  which  will  exist  In  the  real  Imacjery  but 
will  be  averaged  out  of  the  simulated  Imagery.  The  n.-'xt  topic  of  dis- 
cussion Is  the  choice  of  empirical  microwave  reflectivity  data  for  the 
radar  categories  within  the  Pickwick  site,  upon  which  the  point  scat- 
tering method  depends  heavily. 

2,h  HIcrowave  Reflectivity  Data 

The  point  scattering  method  of  radar  simulation  relies  foremost 
upon  Implementation  of  the  greytone  equation  (5).  The  term  o°  (dif- 
ferential scattering  cross-section  coefficient)  appearing  In  that  ex- 
pression Is  a key  element  In  the  understanding  of  microwave-terra  In 
Interaction,  and  Is  Intimately  related  to  the  frequency  and  polariza- 
tion of  the  measuring  system  plus  the  physical  state  and  electromagnetic 
response  of  the  target  scatterer.  Upon  the  specification  of  frequency 
and  polarization  of  the  simulated  system,  and  as  the  list  of  distinct 
categories  within  the  Pickwick  site  was  being  complied,  a search  was 
begun  to  find  curves  of  versus  o (Incidence  angle)  for  distinct 
radar  categories  within  the  scene.  Two  major  classes  of  scatterers  were 
delineated  at  the  outset  of  this  task,  distributed  and  cultural  targets, 

The  distributed  targets  may  be  envisioned  to  be  area  extensive  regions 
with  a specific,  microwave  scattering  response.  The  homogeneous  region  must 
bi  at  least  as  large  as  the  resolution  element  of  the  radar  (or  scatterometer) 
being  modeled,  the  Individual  scattering  centers  located  In  the  cell  must 
be  randomly  located,  and  there  must  be  a large  number  of  scattering  centers 
within  each  resolution  cell  of  the  larger  homogeneous  region.  The  satis- 
faction of  these  criteria  allow  precise  (repeatable)  measurements  to  be  made 
of  o“  versus  fl  (assuming  the  target  characteristics  are  stable)  for  the 
distributed  target  because  the  return  signal  consists  of  the  contributions 
of  many  Independent-phase  signals.  Just  as  the  data  can  be  gathered  (power 
measurements)  and  versus  theta  calculated  by  an  expression  similar  to 
the  radar  equation,  the  reverse  Is  possible.  The  average  return  power  for 
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a distributed  target  can  be  found  through  simulation  with  the  aid  of  o® 
versus  0 data,  and  with  the  use  of  the  greytone  equation  from  the  point 
scattering  method.  The  Pickwick  site  was  dissected  and  analyzed  to  determine 
radar  return  categories,  and  to  deterr'r.s,  for  Instance,  what  types  of 
vegetation  should  be  characterized  separately  by  their  respective  differen- 
tial scattering  cross  sections,  Empirical  data  were  found  In  the  literature 
and  In  the  RSL  data  bank  to  account  for  the  behavior  of  the  majority  of 
categories.  Interpolation  of  empirical  a®  data  was  used  to  derive  a® 
trends  for  the  categories  for  which  measured  data  does  not  exist;  this  does 
not  Include  cultural  targets.  The  backscatter  data  employed  In  the  SLAR 
validation  task  are  presented  In  Volume  II. 

Cultural  targets,  referred  to  earlier,  will  be  defined  within  the 
context  of  radar  simulation  to  be  man-made  objects  and  features.  Their 
radar  returns  are  characterized  by  the  high  probability  of  specular  reflec- 
tion, which  Is  obviously  dependent  upon  the  construction  geometry,  orienta- 
tion with  respect  to  the  radar  platform,  antenna  beamwidth  and  system 
resolution.  An  axarnple  of  a specular  reflector  which  is  not  a cultural 
target  Is  a pond.  The  fact  that  radar  returns  from  cultural  targets  are 
so  highly  dependent  upon  orientation,  and  the  fact  that  cultural  targets 
do  not  ordinarily  satisfy  the  criteria  of  the  previous  paragraph  Illustrate 
that  0®  date  for  cultural  targets  are  not  ordinarily  obtainable  nor  appli- 
cable to  digital  radar  simulation.  An  alternate  means  of  Indicating  the 
existence  of  a cultural  target  Is  a symbolic  representation  of  o°  as  an 

isotropic  +20  decibels.  Thus,  for  any  flight  path  and  data  base  orientation  II 

1 1 

the  cultural  target  behaves  the  same.  The  rationale  for  this  type  of  treat-  | 

ment  is  probabilistic  estimation  of  the  cultural  target  return  strength,  I 

iS 

based  on  the  knowledge  of  the  types  and  orientation  of  a majority  of  the  corner  | 

reflectors,  boathouses,  homes,  and  various  other  structures  In  the  SLAR  I 

validation  strips  of  the  ground  truth  data  base.  Hypothetically  speaking,  I 
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as  the  density  of  cultural  targets  Increases,  one  would  normally  expect 
a higher  probability  of  specular  reflection  (backscatter  direction),  and  In 
effect,  this  Is  exactly  the  result  of  Implementing  cultural  target  average 
return  power  as  a spatially  Isotropic  constant  value. 

2.5  SLAR  Validation  Scenes 


Once  the  validation  terrain  site  had  been  selected, the  ground  truth 
data  base  produced,  the  radar  system  operating  parameters  specified,  the 
catalogue  of  empirical  o*  data  formed,  and  the  software  Implementation 
refined,  simulation  of  radar  Imagery  for  two  sites  was  begun. 

The  sequence  of  events  In  the  formation  of  simulated  Images  Includes: 
(1)  Input  radar  system  and  flight  parameters,  e.g.,  operating  frequency, 
polarization,  resolution  cell  size,  flight  altitude,  ground  track  location, 
flight  heading,  etc.;  (2)  Input  the  ground  truth  data  base,  a rectangular 
matrix  symbolically  representing  elevation  and  backscatter  properties; 

(3)  Run  the  computer  programs.  Important  computations  within  the  body 
of  the  program  form  data  such  as  local  slopes,  resolution  cell  areas, 
local  angle  of  Incidence,  radar  angle  of  Incidence,  range  to  resolution 
cells.  These  intermediate  I'esults  are  used  with  the  microwave  reflectivl' 
data,  ci®,  to  compute  the  average  fraction  of  power  backscattered  to  the 
antenna.  The  formation  of  greytones  for  each  resolution  cell  In  the  Image 
Is  the  final  step,  and  these  values  are  stored  on  magnetic  tape  and  then 
displayed. 

The  computer  programs  which  comprise  the  simulation  package  are 
discussed  In  some  detail  In  Volume  II, where  a cooy  of  one  version  of 
the  package  Is  available. 

2.6  Results 

Prel  luminary  validation  studies  were  performed  on  the  SLAR  model  and 
Implemented.  Those  Investigations  were  made  with  a geometric  data 
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base,  that  Is,  a computer  generated  site  of  three  dimensional,  determin- 
istic objects.  The  very  specific  purpose  of  the  tests  were  to  judge  the 
accuracy  of  geometrical/propagatlon  phenomena,  I.e.,  radar  shadow  and 
layover.  The  type  of  validation  perfcimed  was  quantitative,  as  opposed 
to  the  subjective  reporting  here,  becau'-.e  with  known  radar  and  flight 
parameters,  and  a deterministic  grcu'd  truth  data  base,  the  lengths  of 
shadows  and  distances  of  layover  can  be  calculated.  The  results  of  the 
Initial  SLAR  studies  using  the  geometric  data  base  Indicated  that  the 
simulation  package  very  accurately  Implemented  these  types  of  phenomena 
with  good  success.  The  quantitative  aspect  of  the  validation  studies  are 
reported  In^Volume  II  and,  In  addition,  the  simulation  software  are 
discussed. 

The  more  difficult  task  of  subjective  validation  Is  now  at  hand.  It 
Is  appropriate  to  question  what  the  results  of  this  comparison  actually 
Infer  about  the  point  scattering  method,  the  many  assumptions  associated 
with  making  feasible  the  software  Implementation,  and  the  assumptions 
about  the  resolutions  of  the  real  and  simulated  Imagery.  This  test  will 
reflect  the  validity  of  many  simplifications  and  assumptions,  for  Instance: 
(I)  Parameters  and  transfer  function  of  the  real  radar  and  Its  associated 
optical  processing;  (2)  Parameters  and  transfer  function  of  the  simu- 
lated radar;  (3)  Validity  of  the  empirical  differential  backscatter  cross- 
section  coefficient  data;  (I*)  Accuracy  of  the  ground  truth  data  base 
(elevation,  planimetry,  radar  categories)  and  the  source  material  from 
which  It  was  constructed;  (5)  Software  Implementation  of  the  general 
point  scattering  model;  (6)  Validity  of  the  point  scattering  model;  and 
(7)  Comparison  of  high  resolution  Images  with  less  detailed  simulated 
Images.  Though  these  assumptions  are  simplistic,  they  are  necessary  for 
phy  leal  realizability  of  the  test.  However,  the  verification  of  a model 
lies  In  Its  ability  to  faithfully  predict  the  real-world  phenomena,  not 
In  liow  faithfully  each  and  every  subcomponent  of  the  phenomena  Is  repro- 
duced. This  Is  obvious  because  the  Implementation  of  a model  may,  for 
Instance,  compute  Intermediate  data  out  of  the  chronological  order  of 
the  actual  phenomena,  without  becoming  Invalid. 
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The  next  major  difficulty  which  arises  Is  what  are  appropriate  fea- 

s 

tures  of  simulated  Imagery  by  which  Its  "quality"  can  be  Judged?  Four 
criteria  which  may  serve  as  starting  points  In  this  analysis  will  be 
the  similarity  of  shadow,  grey tone  and  texture  between  the  real  and  sim- 
ulated Images,  and  the  geometrical  fidelity  of  the  simulation.  This 
list  Is  Intentionally  Incomplete  because  one  wisely  would  avoid  putting 
words  In  the  mouths  of  more  experienced  Image  Interpreters. 

Figure  II  Is  a sIde-by-sIde  comparison  of  a real  Image  and  a simulated 
Image  for  the  2S7>S'^  heading  (true  magnetic  north),  29,200  foot  altitude 
(above  mean  sea  level),  with  an  X-band,  HH  radar.  The  Image  Is  the 
upper  strip  map,  and  the  look  direction  (same  for  both  Images)  Is  Indicated 
by  an  arrow.  The  swath  width  represents  3.23  statute  miles,  with  the 
distance  between  the  near  range  and  ground  track  being  10.0  statute  miles. 
The  resolution  of  this  real  Image  Is  10  feet  x 15  feet  and  for  the  simu- 
lated Imago  It  Is  60  feet  x 60  foot.  These  Images  correspond  to  the 
flight  'nd  tost  site  situation  of  Figure  9.  Several  prominent  features 
are  Identified  on  the  real  Image  for  validation  purposes. 

The  greatest  microwave  return  In  the  real  Image  Is  from  "cultural" 
targets  such  as  the  dam,  boathouses,  locks,  and  an  Industrial  complex. 
Cultural  features  compare  well  on  the  basis  of  greytone  and  location  be- 
tween the  real  and  simulated  Images.  In  addition,  multipath  from  the 
water  Increases  the  return  from  the  far  shore,  defined  as  the  land  masses 
preceded  by  water  as  viewed  from  the  perspective  of  the  radar  platform. 

This  multipath  effect  Is  often  referred  to  as  "far  shore  brightening". 

The  textural  quality  of  the  simulation  Is  quite  comparable  to  that 
of  the  real  Image.  For  Instance,  the  texture  of  the  cultivated  lowlands, 
which  Is  In  part  due  to  the  actual  smoothness  of  the  vegetation  canopy,  and 
In  part  due  to  the  averaging  of  fading  In  this  category.  Is  favorably  com- 
pared to  texture  In  the  real  Image.  The  deciduous  trees  of  the  lowlands 
and  highlands  have  been  assigned  heights  according  to  a Gaussian  distribu- 
tion In  the  simulation  for  the  purpose  of  realistically  iradellng  the  actual 
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growth  pattern.'^  The  effect  of  the  normal  distribution  with  Its 
associated  mean  and  standard  deviation  Is  to  Increase  the  variability 
of  qreytone  within  forested  regions,  thus  making  the  simulated  Images 
very  similar  to  the  real  Images. 

Judging  the  simulation  on  the  basis  of  greytones  In  distributed 
target  regions,  there  Is  seen  to  be  a great  deal  of  agreement  overall 
between  the  Images  with  two  exceptions.  The  low  graytono  (dark)  crop 
of  the  lower  left  hand  corner  of  the  simulation,  was  modeled  as  corn. 

The  discrepancy  can  be  accounted  for  by  the  misrepresentation  of  the 
radar  category  In  the  ground  truth  data  base.  The  source  material  for 
categories  was  aerial  photography,  thus  this  error  can  be  traced  to 
Interpretation  of  the  vegetation  In  this  region.  Close  scrutiny  of  the 
golf  course  shows  that  It  is  too  dark,  but  for  another  reason.  Between 
adjacent  fairways  the  deciduous  trees  are  not  apparent  In  the  Simula* 
tion.  This  Is  caused  by  the  averaging  of  the  backscatter  properties 
of  the  smooth  short  grass  and  the  deciduous  trees.  Since  the  resolu- 
tion cells  are  larger  than  the  width  of  the  stands  of  trees,  their 
normally  high  return  Is  not  visible. 

The  geometric  fidelity  of  the  simulation  Is  good.  The  locations 
and  elevations  of  prominent  features  such  as  the  river,  dam,  reservlor, 
Inlets,  Islands,  settling  ponds,  and  hills  (which  In  turn  governs  the 
lengths  of  shadows  and  amount  of  layover)  are  observed  to  be  accurate. 
The  best  area  for  comparison  of  shadow  Is  In  the  forested  highlands. 

Figure  12  Is  a sIde-by-sIde  comparison  rf  a real  radar  Image  and 
a simulated  Image  for  a heading  of  116°  (true  magnetic  north),  29,100 
foot  altitude  (above  tiiean  sea  level),  with  an  X-baiid,  HH  radar,  Again, 
the  real  Image  Is  the  upper  strip-map.  The  swath-width  Is  3.1*9  miles, 
with  the  near  range  to  ground  track  distances  being  12.8  miles.  Resolu- 
tion of  the  real  Imago  Is  10  feet  x 15  feet  and  of  the  simulated  Image 
Is  60  feet  by  60  feet.  These  Images  correspond  to  the  flight  and  test 
site  situation  of  Figure  10. 
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Comparing  first  the  accuracy  of  the  modeling  of  cultural  targets, 
the  dam,  locks,  and  boathouses  are  well  represented.  However,  the  Indus- 
trial complex  located  near  the  settling  ponds  does  not  have  a composite 
of  orientations,  or  construction  geometry  and  materials  to  give  a high 
level  of  return,  as  Indicated  In  the  upper  strip  map.  Since  cultural 
targets  are  represented  In  backscatter  response  by  a spatially  Iso- 
tropic +20  dB,  they  are  white  (greylevel  255)  In  the  simulation.  Several 
cultural  targets  located  In  the  Inlets  were  not  specified  in  the  ground 
truth  data  base,  therefore  they  are  absent  In  the  simulation. 

A textural  comparison  again  Is  favorable  for  most  of  the  terrain; 

the  cultivated  lowlands  are  basically  smooth  whereas  the  areas  covered 

by  deciduous  trees  have  a rougher  texture.  Note  however,  that  the  tree- 

covered  region  around  the  settling  ponds  are  darker  and  smoother  than  the 

simulation  Indicates,  This  discrepancy  Is  caused  by  the  fact  that  the 

behavior  of  trees  was  modeled  for  deciduous  varieties  only.  The  trees 

In  the  vicinity  of  the  settling  ponds  have  since  been  discovered  to  be 

conifers,  most  of  which  were  planted  within  one  season.  Inspection  of 

real  radar  Imagery  of  alternate  sites  has  shown  the  smooth  texture  end 

relatively  low  return  (as  compared  to  deciduous  tree  return)  to  be 

1 6 

characteristic  of  coniferous  forests. 

An  evaluation  of  geometric  fidelity  would  again  lead  to  the  conclusion 
that  elevations,  locations,  and  boundaries  compare  well  between  the  two 
Images,  keeping  In  mind  the  resolution  discrepancies. 

Greytone  comparisons,  on  the  other  hand,  show  an  amount  of  dissimi- 
larity between  the  cultivated  lowlands  of  the  two  strip  maps.  Recalling 
that  the  Images  are  displayed  with  widely  differing  dynamic  range,  It  Is 
natural  that  f leld-to-f leld  greytone  variations  will  appear  large  In  the 
simulated  version.  However,  a field  that  Is  dark  with  respect  to  Its 
neighbor  will  be  so  no  matter  what  the  dynamic  range  of  display  greytones, 
within  reason.  There  are  several  vegetated  regions  to  the  left  of  the 
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river  bend  which  are  too  llqht  with  '‘espect  to  deciduous  trees,  thus 
Indlcatinq  a false  Identification  of  category,  or  a bias  in  the  back- 
scatter  response  of  the  sigma  zero  curve  used  for  those  regions.  The 
true  physical  state  of  the  crop  in  these  regions  might,  for  Instance,  be 
dry  In  comparison  to  the  same  crop  from  which  o°  data  were  collected, 
accounting  for  the  relatively  low  grey  level  of  vegetation  In  the  real 
radar  Image.  Seasonal  changes  In  backscatter  response'^,  rather  than 
crop  mis Ident I f Icat Ion  are  suspected  to  be  the  leading  source  of  grey- 
tone  comparison  errors.  The  grey  level  comparison  of  the  golf  course 
shows  the  deciduous  trees  between  fairways  have  again  been  swallowed 
due  to  the  resolution  and  to  the  very  low  return  of  smooth  grass. 


2.7  Conclusions 


A brief  subjective  analysis  of  two  simulated  Images  has  been  performed. 
The  painstaking  effort  which  has  gone  into  the  construction  of  a ground 
truth  data  base  for  radar  Image  simulation  Is  In  evidence.  The  simulated 
Images,  though  Judged  to  be  of  good  quality  on  the  basis  of  geometric 
fidelity,  texture  and  grey  level,  have  shown  that  there  are  Improvements 
and  advances  to  be  made  In  the  science  of  rader  simulation.  For  example, 
grey  level  d I sc repanc ' es , which  are  not  due  to  the  dynamic  range  of  presen- 
tation, Illustrate  that  a study  of  seasonal  changes  may  be  In  order. 

Each  test  site  from  the  Pickwick  data  base  has  been  calculated  to 
contain  approximately  2.6  million  data  points,  each  containing  elevation 
and  dielectric  Information.  It  Is  no  trivial  task  to  simulate  radar 
Images  for  expanses  of  terrain  such  as  these,  and  It  is  surprising  to  have 
end  products  which  are  this  fine.  With  all  due  modesty,  the  qualitative 
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valld'^tion  of  the  point  scattering  method  and  Its  digital  implementation 
are  bellc'/ed  success*'u1.  This  verification  lends  credance  to  the  Idea 
that  the  point  scattering  model  and  the  software  Implementation  are  not 
the  sources  of  discrepancies  between  the  real  and  simulated  Images,  but 
rather,  that  a more  extensive  catalogue  of  empirical  a°  data  (with 
season  as  an  additional  parameter)  should  be  sought. 


3.0  PPI  SIMULATION  AND  VALIDATION 


This  section  rfescrlbos  the  results  of  the  work  performed  to  validate 
the  point  scattering  radar  iMge  simulation  model  for  Plfn  Positlor,  Indi- 
cator (PPI)  radar  applications. 

Three  subareas  of  the  Pickwick  test  sit.  were  simulated  psing  the 
PPI  model.  Each  of  these  areas  was  simulated  twice  in  order  to  produce 
results  with  different  look  directions.  Therefore,  jix  s imn 1 at lo.v;  will 
be  presented  and  discussoa  in  this,  section.  The  srmr  simulr.tlon  parameters 
were  used  In  each  of  these  slmul-arions  (except  for  u^llght  variations  in 
the  near  range  distance  and  the  altitude  which  were  charged  to  match 
the  parameter;.  oF  the  original  comparison  Imagi'.;!.  In  essence,  the  scope 
of  this  validation  woi’k  has  been  limited  to  one  data  base  (From  which 
selected  subareas  were  extracted),  oitf  radai-  ■ imulat  ion  model  (PPI),  and 
one  radar  system.  In  addition,  thougn,  •'Imulat  ions  c>l’  the  same  scene 
with  different  look  directions  uere  produced  to  analyze  the  effect  of  the 
look  direction  on  the  simulation  output  images. 

The  validation  process  used  for  this  model  has  been  a qualitative, 
subjective  one.  The  Intent  was  to  compare  simulated  Images  to  other  radar 
Images  and  analyze  similarities  and  differences.  Optimally  the  refer- 
ence Images  would  be  real  PPI  Imagery  of  the  test  site.  Unfortunately 
we  were  unable  t-s  locate,  and  FTL  could  not  provide  us  with,  actual  PPI 
images  fot"  the  scene.  Another  tas!;  performed  at  RSL  and  reported  (Section 
2.0)  In  this  document  Is  validation  of  the  Side-Looking  Airborne  Radar 
(SLAR)  ttxjdel.  Real  SLAR  Images  of  the  test  site  were  available  for  direct 
comparison  In  the  validation  of  the  SLAK  model.  The  simulated  SLAP.  Images 
were  chosen  for  the  reference  imagery  In  the  validation  process  for  PPI. 

If  the  results  produced  by  the  SLAR  nxjdel  could  be  validated  by  direct 
comparison  to  the  real  images  and  the  simulated  PPI  Imagery  compared  well 
with  the  SLAR  images,  one  could  assume  by  inference  that  the  PPI  model 


Implementation  was  also  valid. 

This  method  of  validation  (comparison  to  simulated  SLAR  Images) 
dictated  a number  of  decisions  In  the  implementation  of  the  PPI  simu- 
lation model.  The  radar  system  rtodeled  In  this  study  was  a hypothetical 


PPI  system  with  perfect  characteristics.  The  antenna  pattern  was  modeled 
without  sidelobes,  the  transmitted  pulse  as  a perfect  pulse,  the  receiver 
as  perfectly  linear  with  a constant  of  one  (M“l),  and  the  recording  medi- 
um (film)  as  linear  across  its  range.  These  assumptions  may  not  appear 
reasonable  for  modeling  a real  radar  system.  However,  the  purpose  was 
not  to  model  a specific  real  radar  but  to  validate  the  point  scattering 
radar  Image  simulation  model  for  general  PPI  applications.  To  attempt 
to  model  realistic  system  deficiencies  when  Imagery  was  not  available 
from  any  real  PPI  system  would  have  been  quite  arbitrary,  in  Itself. 

We  chose  to  produce  the  best  possible  simulations  we  could  within  the 
normal  limitations  Imposed  by  data  base  and  radar  return  data,  for  the 
purpose  of  validation.  This  was  done  by  simulating  each  element  of  the 
radar  system  (antenna,  transmitter,  receiver,  recording  medium)  as  a 
perfectly  functioning  unit.  These  same  assumptions  were  made  In  the 
SLAP  model  Implementation  whose  results  served  as  the  reference  base- 
line for  comparison  to  the  PPI  results.  Therefore,  differences  between 
the  outputs  can  be  attributed  directly  to  the  model  Implementations. 

Had  system  deficiencies  had  been  Included  In  the  models,  it  would  have 
been  difficult,  if  not  Impossible,  to  separate  the  differences  re- 
sulting from  the  basic  models  themselves  ond  those  ns  the  result  of  the 
real  systeni  limitations  that  were  modeled. 

It  should  be  emphasized,  however,  that  the  model,  itself.  Is  com- 
pletely general  and  capable  of  modeling  non-linearities  and  distortions 
within  a real  operating  system  If  they  are  properly  describe <.  It  Is 
not  easy  to  provide  a strict  mat-hematlcal  description  of  such  system 
deficiencies  and  Implem«ntlng  them  in  the  computer  software  implementa- 
tion of  the  model  may  be  very  costly  In  terms  of  execution  time. 

Other  paramete  In  the  simulation  model  were  also  chosen  to  opti- 
mize tho  comparison  to  the  simulated  SLAP  results.  As  a result  the  sim- 
ulated Images  Included  at  the  end  of  this  section  do  not  resemfile  typical 
PPI  imagery.  The  most  Immediate  difference  Is  In  the  display  format. 
These  simulated  Images  do  not  have  the  characteristic  "pie-shaped"  form 
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that  Is  produced  when  a PPI  radar  system  Imaqes  a 90'^  sector  (45°  either 
side  of  the  line  of  flight)  from  zero  degrees  Incidence  to  near  grazing. 
The  simulated  SLAR  Images  represented  a rather  narrow  range  of  radar 
Incident  angle  (approximately  60°  to  70°).  Therefore,  no  Imagery  were 
available  for  comparing  the  results  of  the  PPI  simulation  at  lower 
Incident  angles  and  so  we  did  not  simulate  that  portion  of  the  data  base 
with  the  PPI  nfKDdel,  either,  thereby  reducing  the  total  cost  for  the  per- 
formance of  this  task  and  minimizing  possible  confusion  caused  by  simu- 
lating an  angular  range  not  comparable  to  the  SLAR  Images. 

The  narrow  range  of  simulated  Imaoes  In  the  azimuth  direction  Is 
the  result  of  the  fundamental  difference  between  the  SLAR  and  PPI  models. 
In  operation,  a SLAR  system  sends  a pulse  out  at  right  angles  to  the 
direction  of  flight.  The  antenna  Is  stationary  relative  to  the  aircraft. 
The  movement  of  the  aircraft  provides  the  motion  of  the  antenna  In  the 
azimuth  direction.  This  allows  the  model  to  process  the  data  In  rec- 
tangular coordinates  since  the  look  direction  of  the  radar  Is  always 
parallel  to  the  rows  of  the  data  base.  In  a PPI  system,  which  Is  a 
forward-looking  radar,  the  antenna  Is  scanned  from  left  to  right  to  pro- 
vide Imaging  capabilities  In  the  azimuth  direction.  Except  for  the  scan 
line  directly  along  the  line  of  flight,  the  look  direction  for  the  radar 
Is  not  parallel  to  Information  in  the  data  base,  which  Is  stored  In  rec- 
tangular coordinates.  To  overcome  this  problem  in  the  PPI  model,  the 
data  bast-  Is  transformed  Into  polar  coordinates  which  more  closely  re- 
flects the  operation  o*^  a PPI  radar  system.  The  effect  of  this  difference 
is  that  SLAR  and  FPI  Images  are  directly  comparable  only  along  one  sc.sn 
line,  the  one  scan  line  along  the  line  of  flight  for  tne  PPI.  for  all 
other  scan  lines  the  look  direction  of  the  two  systems  are  no  longer 
exactly  the  same.  The  farther  the*  scan  Is  fmm  the  line  of  flight  In 
the  PPI  model,  the  more  It  varies  from  the  SLAR  mridel.  To  minimize  this 
difference,  only  very  narrow  (In  the  azimuth  dirsr.tlon)  simulations  were 
produced.  Since  the  position  of  the  radar  platform  was  far  from  the 
data  base  (approximately  60,000  feet),  the  scan  lines  for  the  ^'’1  slmiila- 
tlnn  were  very  nearly  naral lei  to  the  rectangular  data  base  for  a narrow 
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range.  Small  sections  of  the  data  base  were  selected  and,  thus,  the 
resultant  small  PPI  Images  are  very  close  to  having  the  same  look 
direction  as  the  SLAR.  Because  the  areas  simulated  were  quite  small, 
three  different  subareas  from  the  data  base  were  simulated  to  have 
results  from  a wide  variety  of  ground  scene  profiles. 

Real  PPI  radar  systems  are  typically  used  for  terrain  avoidance 
and  locating  cultural  targets  ahead  of  the  aircraft.  The  system  para- 
meters such  as  gain  and  bias  are  optimized  for  these  targets.  Further- 
more a slow-decaying  phosphor  screen  with  only  four  to  ten  distinct  l^ 
els  form  the  display  medium.  These  factors  combine  to  produce  "black 
and  white"  Images  with  considerably  less  terrain  detail  than  found  In 
medium  resolution  SLAR  Imagery.  These  parameters  In  the  PPI  model  were 
set  to  produce  Imagery  more  comparable  to  SLAR  Imagery  for  purposes  of 
validation.  This  choice  of  parameters  has  no  effect  on  the  basic  PPI 
model  Itself;  they  are  only  Input  parameters  to  the  computer  program. 

The  scones  could  have  been  formed  with  the  conventional  greytone  dis- 
play, but,  obviously,  the  SLAR  comparison  capability  would  have  been 
lost. 

The  assumptions  that  were  made  In  the  simulation  model  described 
above  emphasize  the  generality  and  utility  of  the  model,  not  limits  for 
Its  application.  The  model  was  able  to  be  used  for  the  specific  purpose, 
of  PPI  validation  against  SLAR  Imagery.  If  other  applications  are  desired 
(such  as  modeling  a real  PPI  system)  the  model  Is  easily  adapted  to  that 
function. 

3.1  Work  Plan 

There  were  four  essential  Ingredients  required  for  the  production 
of  the  siniuliated  PPI  Images.  They  were: 

(1)  A ground  truth  data  base  describing  the  planimetry  of  the 
test  site. 

(2)  Digital  elevation  data  for  the  test  site. 

(3)  Differential  scattering  cross-section  (o“)  data  for  the 
various  scattering  types  Included  In  the  chosen  test  site. 

(A)  A digital  computer  program  to  Implement  the  point  scattering 
radar  Image  simulation  model  for  PPI. 


89 


I 

f 

! 


The  personnel  and  resources  at  RSL  were  assigned  various  activities  so 
that  the  above  tasks  could  be  performed  In  parallel  as  much  as  possible. 

The  first  major  step  was  choice  of  an  appropriate  test  site.  In  order 
to  minimize  duplication  of  effort,  a single  test  site  was  chosen  for  use 
In  the  performance  of  multiple  tasks  for  this  contract.  Since  the  scene 
was  to  be  used  for  validation  of  radar  models.  It  was  Important  that  the 
test  site  contain  a wide  range  of  features  and  effects  found  In  real 
radar  Imagery.  It  was  necessary  that  appropriate  data  sources  be  avail- 
able to  provide  the  Input  data  described  above  for  the  models  (planimetry, 
elevation,  and  o°)  for  the  selected  area.  In  addition,  for  the  valida- 
tion. at  least  real  SLAR  Images  had  to  be  available  for  the  area.  (No 
areas  were  located  that  satisfied  these  criteria  for  which  real  PPI  Imag- 
ery were  available).  An  area  centered  around  the  Pickwick  Dam  In  Tennes- 
see was  chosen  that  fulfilled  the  above  requirements  except  for  complete 
avallahlllty  of  empirical  backscatter  (o”)  data.  For  those  targets  In 
the  test  areas  for  which  o°  data  could  not  be  located,  solutions  were 
reachad'*by  combining  theory,  literature  and  Intuition. 

A data  base  of  the  Pickwick  test  site  had  been  constructed  previous- 
ly at  RSL  for  other  applications.  The  resolution  of  this  data  base  was 
approximately  one  hundred  feet  and  therefore  not  sufficiently  detailed 
for  simulation  of  PPI  at  the  desired  resolution.  This  data  base  was 
refined'^  to  provide  an  approximate  resolution  of  sixty  feet  which  was 
adequate  for  this  application  (Section  5.). 

Digital  elevation  tapes  of  the  Pickwick  site  were  provided  by  ETL. 
Personnel  at  RSL  were  responsible  For  r cting  the  necessary  data  from 
multiple  magnetic  tapes  and  reformat t In-i  them  to  conform  to  program  Inputs. 

When  the  two  portions  of  the  data  base  had  been  completed  (ground 
cover  data  and  elevation  data)  the  two  outputs  were  combined  to  produce 

''  Abbott,  J.  L. , R.  L.  Martin,  M.  McNeil,  V.  H.  Kaupp,  and  J.  C.  Holtzman, 
"Backscatter  Data  for  the  Digital  Radar  Image  Simulation  of  the  Pick- 
wick, Alabama  Site,"  TR  319"7,  Remote  Sensing  Laboratory,  The  University 
of  Kansas,  February,  1977.  Included  In  Aopendlx  G,  Vol.  II,  ETL  TR-0118. 
13 

Komp,  E.,  J.  L.  Abbott,  V.  H.  Kaupp,  J,  C.  Holtzman,  "Improved  Resolution 
Digital  Ground  Truth  Data  Base!  Pickwick  Site."  TR  319-23.  Remote 
Sensing  Laboratory,  The  University  of  Kansas,  August,  1977- 
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a single  data  matrix  containing  the  necessary  Information  for  simulation 
Input. 

While  the  data  base  formation  was  In  progress,  the  various  back- 
scatter  return  categories  Included  In  the  data  base  wer  entlfled  and 
the  necessary  empirical  a°  daca  were  collected  from  various  sources.  For 
those  categories  fnr  which  data  could  not  be  located,  combinations  of 
theoretical  studies  and  empirical  data  from  similar  categories  were  utl- 
1 1 zed. 

The  computer  - ..gram  to  model  the  PPI  radar  systems  was  written  and 
tested  as  construrtlon  of  the  data  base  was  In  progress.  When  the  final 
data  base  was  complete,  selected  subsections  were  Input  to  the  PPI  simu- 
lation program  to  produce  the  Images  presented  In  this  section.  While 
the  PPI  model  Implementation  was  being  developed,  a computer  package  to 
produce  SLAP  simulations  was  written  Independently. 

When  both  sets  of  simulated  Images  were  available  t.  critical  compari- 
son of  the  two  results  was  made.  The  results  of  this  comparison  Is  pre- 
sented In  subsection  3.6. 

3. 2 Data  Base  for  Simulations 

The  data  base  Input  requirement  for  the  PPI  simulation  model  Is  a 
polar  coordinate  digital  matrix  representing  the  ground  scene  content. 

The  Information  necessary  was  recorded  In  two  data  values  for  each  point 
In  the  matrix  (representing  a finite  area  of  the  real  ground  scene). 

These  two  pieces  of  Information  are  (l)  elevation  variations  for  the  area, 
and  (2)  a category  assignment  describing  the  microwave  reflectivity  charac- 
teristics of  the  area.  The  construction  of  this  data  base  In  a rectangu- 
lar coordinate  system  Is  discussed  In  Section  5.  The  content  of  this 
data  base  Is  transformed  Into  a matrix  In  polar  coordinates  by  program 
software.  Because  of  the  particular  approach  se^ected  for  transforma- 
tion to  polar  coordinates.  It  Is  necessary  that  the  sfice  of  area  repre- 
sented by  the  points  In  the  rectangular  data  matrix  be  significantly  smal- 
ler than  the  size  of  the  resolution  cell  of  the  radar  system  being  modeled. 

The  same  rectangular  data  matrix  used  for  simulation  of  SLAP  Images 
was  used  for  this  PPI  task.  It  was  converted  Into  polar  coordinates  for 
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simulation  of  PPI  Images.  For  the  purpose  of  validating  the  PPI  model 
against  the  results  of  the  SLAP,  model,  having  the  same  data  base  as  the 
Input  to  the  two  simulation  models  (albeit  converted  to  polar  coordinates 
for  PPI)  was  especially  useful.  The  Input  data  base  used  to  produce  the 
PPI  simulations  was  subset  of  the  data  base  of  the  Pickwick  test  site 
used  for  the  SLAR  validation  task.  It  Is  described  fully  In  Section  5. 

] 

of  this  document.  Three  subsets  of  the  original  SLAR  data  base  were  j 

chosen  for  the  work  with  the  PPI  modal.  Each  specified  area  was  extract-  j 

ed  and  rotated  to  match  the  flight  line  of  the  APD-10  original  Imagery.  ! 

The  rotation  was  required  to  align  the  data  base  orthogonal  to  the  line  i 

1 

of  flight  of  the  aircraft.  Three  different  areas  were  chosen  because  | 

the  SLAR  and  PPI  results  are  comparable  only  over  a narrow  range  In  the  j 

azimuth  direction  of  the  PPI  Image.  Different  look  directions  for  each  • 

“I 

of  these  three  areas  were  produced.  I 

> 

3 . 3 PPI  Simulation  Model  | 

The  point  scattering  radar  Image  simulation  mode)  provides  a closed  I 

system  model  of  radar  operation.  The  details  of  Its  Implementation  In  com-  j 

puter  software  together  with  a theoretical  development  of  the  model  Is  i 

presented  In  Volume  II.'®  j 

The  following  paragraphs  will  provide  n brief  summary  of  the  Iniple-  j 

mentation  and  a description  of  the  system  parameters  used  in  this  particu- 
lar appl  Icat Ion. 

Conceptually,  the  PPI  simulation  program  organ  I zes  the  Information  In  i 

the  data  base  Into  cells  representing  resolution  cell  size  areas  for  the 


radar  being  modeled.  The  return  power  from  each  of  these  areas  Is  com- 
puted Independently  and  converted  to  a relative  greytone  and  output  for 


display  on  an  appropriate  medium. 

The  first  step  In  the  Lmuiat  Ion  process  Is  to  group  the  information 
of  the  Input  data  ba,s«’  ifTto  resolution  cell  size  areas.  This  Is  a signifi- 
cant problem  the  PPI  mode)  for  two  reasons.  First  the  dimensions 


Komp,  F.,  V.  H.  Kaupp,  J.  C.  Holtzman,  "Digital  PPI  Model  for  Radar  Image 
Simulation  and  Results,"  TR  319-19,  Remotp  Sensing  Laboratory,  The  Uni- 
versity of  Kansas,  August,  1977,  Included  In  Appendix  J,  Vol.  II,  ETL 
TR-0118. 
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of  the  resolution  cell  change  radically  over  the  wide  ranqe  of  Incident 
oncjles.  Typically  PPI  radar  systems  imaqe  from  approximately  under  the 
platform  (~I0°  Incidence)  to  near  grazing  angles  In  the  far  range.  The 
size  and  shape  of  the  resolution  cell  changes  from  relatively  narrow 
In  the  azimuth  direction  and  wide  In  the  range  dimension  at  near  range 
to  wide  In  the  azimuth  direction  but  very  narrow  In  the  range  dimen- 
sion at  far  range.  The  second  complication  Is  the  result  of  the  chang- 
ing look  direction  of  the  system  with  respect  to  a fixed  point  on  the 
ground  as  the  antenna  rotates  In  the  azimuth  direction.  The  look 
direction  Is  Important  for  calculating  areas  of  shadow  and  the  local  ef- 
fective Incident  angle.  Neither  of  these  problems  can  be  easily  or  ac- 
curately handled  In  rectangular  coordinates,  the  coordinate  system  in 
which  the  Input  deta  base  was  constructed.  The  geometry  of  a polar  coor- 
dinate Input  data  base  Is  transformed  Into  a data  base  of  resolution  cells 
represented  In  polar  coordinates. 

The  next  step  Is  to  calculate  the  return  power  from  each  of  these 
resolution  cell  areas.  For  medium  resolution  radar  systems,  such  as 
the  sixty  foot  resolution  system  simulated  for  the  performance  of  this 
task,  those  areas  can  be  simulated  as  Independent  samples.  The  simpli- 
fication allowed  by  Ignoring  the  effect  of  adjacent  cells  greatly  reduces 
the  computational  complexity  of  the  problem.  The  Information  of  aujacent 
cells  Is  needed  only  to  calculate  the  local  slopes  of  each  cell  and  to 
calculate  the  effects  of  radar  shadow.  At  each  cell  the  local  Incident 
angle  Is  calculated  from  the  radar  incident  angle  and  the  local  terrain 
slope  at  the  cell.  The  category  Information  stored  at  each  cell  describes 
the  backscatter  target  type  represented  by  the  area.  By  use  of  a curve 
fit  to  empirical  backscatter  data  for  that  category,  a o®  value  for  the 
specific  angle  of  incidence  Is  calculated.  This  Information  Is  used 
to  calculate  the  return  powc^  from  the  resolution  cnil  area  by  application 
of  the  general  radar  simulation  model. 

The  final  step  is  to  produce  an  output  Image.  The  array  of  return  powers 
calculated  in  tha  previous  step  is  converted  to  a relative  greytone 
representing  a film  density  on  photographic  film.  Each  greytone  value 
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represents  the  return  from  a specific  resolution  cell  area  on  the  fjround. 

At  this  point,  this  Information  Is  still  in  a polar  coordinate  system. 

Another  transformation  Is  made  from  polar  coordinates  to  rectangular 
coordinates  and  a digital  ma.trix  of  grey tone  values  Is  produced.  This 
result  can  be  transferred  to  any  appropriate  display  device  such  as 

•A  + 

IDECS  or  DICOMED  to  produce  a visual  output  of  the  simulated  Image. 

3.^  Terrain  Return  Data 

After  specification  of  the  oneratlno  parameters  (frequency  and 
polarization)  of  the  real  PPI  radar  and  after  Identification  of  each 
different  category  of  radar  scatterer  located  In  the  proposed  scene  to 
be  simulated,  It  was  necessary  to  obtain  appropriate  terrain  return 
data.  The  different  categories  of  radar  scatterers  Identified  In  the 
Pickwick  reference  scene  test  site  were  separated  Into  two  major  classos: 

I)  distributed  targets,  end  2)  cultural  targets. 

Distributed  targets  are  homogenitous  regions  of  specific  microwave 
scattering  categories.  Each  homogeneous  region  must  be  at  least  as  large  as 
the  resolution  element  of  the  radar  being  modeled,  the  Individual  scat* 
tering  centers  located  In  a resolution  cell  must  be  randomly  located,  and 
there  must  be  a large  number  of  scattering  centers  In  each  resolution  cell 
within  a homogeneous  region.  When  these  conditions  are  satisfied,  an 
average  value  of  the  scattering  cross-section  (0°)  can  be  used  to  model 
the  radar  return  from  these  homogeneous  areas  of  terrain  (distributed 
targets).  Most  of  the  terrain  located  In  the  reference  scene  data  base 
of  the  Pickwick  site  satisfied  these  criteria.  Thus,  differential  scat- 
tering cross-section  data  (o*)  were  used  to  model  the  radar  return 
properties  of  the  terrain  In  the  PPI  Images  formed  from  the  Pickwick 
data  base.  Actually,  empirical  c ® date  were  used  (es  opposed  to  theoretical), 
for  distributed  targets. 


Acronym  mean  I ng  Image  Discrimination,  Enhancement,  Combination,  and 

Sampling,  the  name  given  to  the  Image  processing  station  located  at  RSL. 

DICOMED  Is  the  name  of  the  company  which  manufactured  one  visual 
display  system,  located  at  ETL . 
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These  data  were  obtained  from  thr  literature  antJ  i , the  RSL  data  bank''. 
The  best  match  thut  could  he  found  between  r i f.  (tnplrlcal  o°  data 
and  the  Identified  distributed  targets  In  thi'  ’ Ickwick  site  was  sought. 

The  empirical  o"  data  were  not  taken  from  radar  Imagery  of  the  Pickwick 
site  or  any  other  site.'  The  details  of  whet  data  were  used  to  form 
PPI  Images  are  presented  In  Volume  II 

Cultural  targets  are  here  defined  to  be  manmade  objects  and  features. 
Their  radar  returns  are  characterized  by  specular  reflection.  They 
cannot  be  modeled  as  distributed  targets.  To  model  cultural  targets  by 
digital  computer  Is  exceptionally  complex  requiring  tremendous  detail 
about  each  such  target  to  be  Included  In  the  data  base.  An  evaluation 
was  made  of  the  kinds  of  cultural  targets  present  In  the  Pickwick  sitei 
their  orientations,  and  the  numbor  of  them.  It  was  concluded  that  symbolic 
nndellng  of  these  targets  would  be  a reasonable  approach.  By  symbolic 
modeling  Is  meant  that  the  location  of  each  cultural  target  was  pin- 
pointed In  the  data  base  but  the  orientation,  size,  geometry,  etc.,  was 
not.  Cultural  targets  were  assumotl,  for  the  piirposi's  of  PPI  liiuine  slinulo- 
tlon,  to  be  Isotropic  radiators  having  an  effective  differential  scatter- 
ing cross-section  of  +20  dB. 

This  approach  certainly  Is  not  an  accurate  model.  In  these  simu- 
lations all  cultural  targets  then  produce  the  maximum  grey  level,  255 
In  these  Instances.  In  real  Imagery  a cultural  target  will  return  suf- 
ficient power  to  saturate  the  film  density  only  If  its  orientation  rela- 
tive to  the  radar  system  Is  appropriate.  In  most  all  cases,  however,  the 
return  Is  quite  high  relative  to  surroundlnci  distributed  targets.  Further- 
more, when  the  data  base  was  constructed,  the  Intent  was  to  develop  a 
general  omnidirectional  data  base,  not  one  specifically  Intended  for  a 
single  look  direction  or  radar  system.  For  these  reasons  this  approxima- 
tion was  considered  acceptable  For  this  task,  especially  In  an  area  such 


Abbott,  J.  L.,  R.  L.  Martin,  M.  McNeil,  V.  H.  Kaupp,  and  J.  C.  Holtzman, 
"Backscatter  Data  for  the  Digital  Radar  Image  Simulation  of  the 
Pickwick,  Alabama  Site,"  RSL  TR  3I9“7,  University  of  Kansas  Center 
for  Research,  Inc.,  Remote  Sensln.,  Laboratory,  Lawrence,  February,  1977. 
Included  In  Appendix  fi,  Vol,  H.  tTL  TR-OllH. 
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as  this  where  the  proportion  of  cultural  targets  to  dlGtrIbM*ed  targets 
was  very  smal I . 

3.5  Simulated  Radar  Image  Formation 

Only  after  all  of  the  major  subtasks  described  In  section  3<l  had 
been  properly  completed  could  production  of  the  final  output  Images  begin. 

Those  subtasks  were  I)  creation  of  digital  data  matrix;  Z)  collection 
of  backscatter  ( o")  data  for  the  distributed  targets  In  the  test  site; 
and  3)  development  and  testing  of  computer  software. 

The  results  of  the  first  two  tasks  (data  base  and  a **  data)  were 
used  as  Input  to  the  PPI  radar  simulation  computer  program.  One  other 
section  of  Input  data  to  describe  the  radar  platform  position  and  the 
radar  system  parameters  was  required  before  execution  of  the  program. 

These  parameters  were  chosen  to  match  the  operating  parameters  used  in  the 
SLAP  simulation  wherever  possible  to  facilitate  the  comparison  of  the 
two  outputs  during  validation.  The  most  significant  difference  In  system 
characteristics  between  the  PPI  model  and  the  SLAP  model  as  Implemented 

for  this  validation  study  was  In  the  antenna  pattern  function.  The  SLAP 

2 J ^ 

model  used  a sec  S model  for  the  antenna  pattern^  while  the  PPI  model  i| 

used  a sec  0 cscR  function  which  was  selected  for  the  work  in  Section  A 
(also  a PPI).  Over  the  very  narrow  angular  range  for  which  the  PPI  Images 
were  formed,  this  represented,  at  most,  a bias  difference  when  compared 
to  the  SLAP  resul  ts. 

There  were  essentially  two  sets  of  parameters  used  to  produce  the 
six  PPI  simulations.  One  set  of  parameters  was  used  to  produce  the 
simulations  of  the  three  areas  In  which  the  look  direction  corresponded 
to  the  look  direction  of  the  SLAP  model  for  the  116“  flight  heading. 

For  these  simulations  the  look  direction  Is  approximately  northeast  to 
youthwest.  For  these  simulations  the  PPI  radar  platform  was  assumed  to 
be  positioned  exactly  on  the  flight  line  of  the  SLAP  for  the  1 iS^headlng, 
and  the  PPI  look  direction  at  right  angles  to  that  line  of  flight  for  the 
SLAP.  The  other  parnnieters  were  chrsen  to  simulnte  sixty  foot  resolutlnn 
In  the  Image  scene  area,  which  corresponded  to  the  resolution  of  the 
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SLAR  model.  A list  of  these  parameters  Is  Included  In  Table  2.  A 
slightly  different  set  of  parameters  was  used  to  produce  the  simulations 
of  the  three  test  sites  from  the  other  look  direction.  For  these  simu- 
lations the  look  direction  Is  approximately  southwest  to  northeast.  For 
these  simulations  the  PPI  radar  platform  was  positioned  on  the  flight 
line  of  the  SLAR  for  the  297°  heading.  These  changes  reflect  the  dif- 
ference In  the  aircraft  altitude  and  near  range  distance  to  the  target 
site.  These  parameters  are  summarized  In  Table  3. 

3.6  Results  and  Validation 

The  validation  of  the  PPI  model  was  somewhat  complicated  because 
real  PPI  Images  of  the  test  site  were  not  available.  At  the  time  of  con- 
tract negotiations  both  the  contracting  officers  at  ETL  and  the  members 
of  the  Kansas  Simulation  Group  recognized  this  lack  of  comparison  PPI 
Imagery.  At  that  time  both  parties  agreed  to  perform  the  validation  of 
the  PPI  model  Implementation  by  comparison  to  the  results  of  the  SLAR 
simulation  model.  Within  the  existing  time  frame  It  was  not  feasible 
to  choose  an  additional  target  scene  for  which  PPI  Imagery  were  avail- 
able and  to  produce  another  data  base  for  simulation  purposes.  In  spite 
of  these  deficiencies  we  found  validation  of  the  PPI  model  at  the  Pick- 
wick site  a necessary  task  because  of  Its  Impact  on  the  work  to  be  per- 
formed In  the  area  of  remote  guidance  which  Is  reported  In  Section  k of 
this  document.  It  Is  Fully  recognized  that  results  reported  In  this 
section  do  not  provide  a full  and  comprehensive  validation  of  the  point 
scattering  radar  simulation  model  for  PPI  applications,  but,  unfortunate- 
ly, a more  substantive  test  of  the  model  could  not  be  conducted  because 
of  the  lack  of  real  PPI  radar  Imagery. 

This  approach  to  validation  depended  heavily  on  the  successful  valida- 
tion of  the  SLAR  simulation  output.  The  results  of  the  SLAR  validation  are 
fully  documented  In  section  2.5  of  this  report  and  are.  In  fact,  excel- 
lent. There  are  differences  between  the  real  Imagery  and  simulated  SLAR 
results,  but  from  a global  viewpoint  the  simulated  Images  compare  very 
favorably.  Only  with  che  successful  completion  of  that  task  were  we  able 
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TABLE  2 


PPI  Parameters  for  116°  Fllqht  Heading 


Transmitted  frequency 

Polarization 

Pulse  Width 

Effective  Antenna  Beamwldth 
Near  Range  Distance 
Al t I tude 
Antenna  Pattern 


X-band 

HH 

.122  psec 
.000755  radians 
68,500  feet 
29,100  feet 
sec^6  csc6 


TABLE  3. 

PPI  Parameters  for  29?”  Flight  Heading 


Transmitted  frequency 
PoIarIzat Ion 
Pulse  Width 

Effective  Antenna  Beamwldth 
Near  Range  Distance 
Al t I tude 
Antenna  Pattern 


X-band 

HH 

.122  visec 
.00095  radians 
55,500  feet 
29,200  feet 
sec^O  cscO 


''<Noto:  The  effective  antenna  beamwldth  was  changed  for  the  different 
sets  of  simulations  in  order  to  approximate  60  foot  resolution 
In  both  Image  sets. 
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to  confidently  proceed  with  the  validation  of  the  PPI  model  against 
the  results  of  the  SLAR  model. 

Since  there  were  no  real  PPI  Imagery  available,  and  therefore  no 
specific  real  system  to  model,  we  chose  to  model  a hypothetical  perfect  J 

PPI  radar  system  wl thout  real-world  limitations.  In  addition,  the  choice  | 

of  system  paratrieters  was  made  to  correspond  to  those  ii;ed  in  the  SLAR  | 

model  as  closely  as  possible.  Because  of  the  different  mode  of  operation  i 

for  SLAR  and  PPI  radar  systems  the  images  are  comparable  only  over  a 
narrow  range.  In  a SLAR  system  the  antenna  Is  fixed  and  the  look  '* 

direction  of  the  radar  Is  constant.  The  system  Images  a swath  of 
ground  parallel  to  the  flight  path  of  the  aircraft  as  it  mov-es  along. 

PPI  systems  on  the  other  hand  Image  in  front  of  the  aircraft  and  the 
antenna  must  rotate  (usually  90°)  to  provide  Imaging  capabilities  in 
the  azimuth  direction.  Only  that  portion  of  a typical  PPI  Image  which 
would  be  comparable  to  the  SLAP,  image  was  simulated.  Figure  13  displays 
the  portion  of  a normal  PPI  Imejge  that  was  actually  simulated.  The 
look  direction  for  a PPI  radar  proceeds  radially  from  the  radar  plat- 
form. Simulating  a wider  area  with  the  PPI  model  would  have  1 com- 
plicated the  comparison  to  the  simulated  SI.AR  Images  because  of  the 
differences  introduced  by  differing  look  directions.  |j 

Since  both  the  PPI  and  SLAR  Implementations  modeled  ideal  systems 
and  the  system  parameters  for  PPI  were  chosen  to  match  those  for  SLAR,  [■ 

one  would  expect  the  Images  to  be  nearly  identical  over  the  narrow 
range  of  comparison.  The  two  sets  of  results  arc,  In  fact,  very  simi-  r‘ 

lar  as  can  be  seen  In  the  photographs  presented  in  Figures  1^  and  15 
where  the  PPI  Images  are  placed  adjacent  to  the  portion  of  the  SLAR 
output  to  which  they  correspond.  It  should  be  emphasized,  however,  that 
the  two  programs  are  completely  different  and  Independent.  The  computer 
implementations  of  the  SLAR  and  PPI  models  are  li-'Led  in  Volume  II 
There  are  many  operational  differnnees  but,  mure  importantly,  there  exists  ; 

a fundamental  difference  In  the  radar  data  bases  used  in  the  two  programs. 

The  SLAR  model  represents  the  resolution  cells  on  the  ground  as  rertangular 

i> 

*■*  McNeil,  V.  H.  Kaupp,  and  J.  C.  Holtzman, 

Digital  Model  for  Radar  Image  Simulation  and  Results,"  TR  319-8 
Remote  Sensing  Laboratory,  The  University  of  Kansas,  August,  1976  It 

Included  in  Appendix  1,  Vol.  II,  ETL  TR-0118. 
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areas  similar  to  the  form  of  the  original  ground  truth  data  base. 
Therefore,  the  ground  truth  data  may  be  processed  In  a serial  manner. 

The  PPI  model,  on  the  other  hand  transformed  the  ground  truth  data 
from  ' inguiar  coordinates  Into  a radar  data  base  in  polar  coordi- 
nates. ihls  transformation  allows  one  to  model  the  varying  look 
direction  and  changing  resolution  cell  size  and  aspects  peculiar  to 
the  forward  scanning  format  of  PPI  Imaging  systems. 

There  are  two  broad  categories  for  comparison  of  these  two  image 
outputs  shown  in  these  figures  (ll<  and  15).  The  first  is  an  analysis 
of  relative  greytone  differences  between  different  categories  In  the 
target  scene.  The  second  area  to  be  studied  Is  geometric  fidelity  to 
see  if  the  transformation  from  rectangular  coordinates  to  polar  coordi- 
nates and  back  again  for  display  purposed  created  any  distortions  in 
the  output  Images  of  the  PP!  simulations. 

It  Is  not  possible  to  compare  absolute  greytone  values  between  the 
SLAft  Images  and  those  of  PPI  because  of  the  difference  in  antenna  pat- 
terns for  the  two  systems  (PPI  used  sec^O  cscO  while  the  5LAR  model 
Incorporates  a sec^O  function).  Instead  look  at  the  relative  change 
from  one  field  to  the  next  In  one  Image  and  compare  it  to  the  change 
between  the  greytones  In  those  fields  In  the  reference  Image,  Area  (, 
around  the  river,  In  both  Figure  1^(  and  15  is  the  best  area  for  this 
comparison  because  of  the  large  number  of  categories  in  close  proximity, 
The  changes  in  greytone  are  very  similar  In  the  two  fmages.  Also, 
notice  that  field  boundaries  do  not  suddenly  appear  or  disappear  be- 
tween the  two  sets  of  Images, 

Another  crucial  factor  In  radar  images  is  the  occurrence  of  shadows. 
A'eas  II  and  III  along  the  shore  of  the  reservoir  In  both  figures,  are 
best  for  studying  the  effects  of  shadow.  In  both  the  baseline  images 
and  the  PPI  Images,  drainage  patterns  can  be  discerned  in  these  areas  by 
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the  shadowing  effects  although  It  Is  somewhat  obscured  by  tree  cover. 

In  Area  I the  shadow  resulting  from  stands  of  trees  In  predominately 
agricultural  areas  Is  displayed  In  both  the  SLAR  and  PPI  Images. 

Maintaining  geometric  fidelity  In  the  PPI  Images  In  spite  of  the 
Internal  data  transformations  Inherent  In  the  PPI  model  Is  of  great 
Importance.  There  are  two  aspects  to  this  question:  1)  Insuring 
that  portions  of  the  Image  are  not  rotated  or  otherwise  distorted; 
and  2)  determining  that  Image  detail  Is  not  lost  In  the  transforma- 
tions. Area  1 Is  nmst  appropriate  for  checking  that  rotations  and 
distortions  have  not  occurred.  There  are  numerous  boundaries  In  this 
area  In  the  SLAR  baseline  Images.  Had  any  errors  occurred  they  should 
be  visible  along  some  or  all  of  the  boundaries.  However,  the  size 
and  shape  of  each  area  In  the  reference  Images  correspond  favorably 
to  the  corresponding  area  In  the  PPI  Image.  Areas  II  and  III  exhibit 
a large  amount  of  detail  along  the  shoreline  of  the  reservoir,  Again, 
each  little  Inlet  found  In  the  simulated  SLAR  Image  can  be  found  In 
the  corresponding  portion  of  the  PPI  simulated  Image. 

In  summary,  very  few  differences.  If  any,  can  be  detected  between 
the  simulated  SLAR  Images  and  the  simulated  PPI  Images.  The  result  of 
this  validation,  simply  stated.  Is  that  the  PPI  model  Implementation  Is 
consistent  with  the  Implementation  of  the  model  for  SLAR  applications, 
The  validation  of  the  SLAR  model  against  real  radar  Imagery  reported  In 
Section  2 provides  strong  evidence  for  the  accuracy  of  the  general  point 
scattering  model  for  radar  simulation.  Since  the  PPI  model  Is  merely 
another  Implementation  of  the  same  model,  If  the  Implementation  Is 
accurate  (I.e.,  no  software  errors  or  faulty  assumptions)  then  that 
application  should  also  be  accurate.  At  a later  date  It  would  be  very 
useful  to  have  real  PPI  Imagery  available  for  a test  site  to  continue 
the  validation  and  confirm  the  results  claimed  here  by  Inference. 
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'♦.O  ’'‘REFERENCE  SCENE  SIMULATION:  QUANTITATIVE  TEST 


The  purpose  of  the  work  reported  In  this  section  was  to  apply 
quantitative  measurement  techniques  to  Images  produced  by  the  point 
scattering  radar  Image  simulation  model  by  applying  the  model  to 
Formation  of  reference  scenes  for  a terminal  guidance  test  using  the 
Correlatron.  The  scope  of  this  work  was  limited  to  reference  scenes 
(simulated  radar  Images)  formed  from  one  set  of  flight  parameters 
(e,g,,  altitude).  All  the  work  reported  In  the  previous  sections 
appealed  to  subjective  comparisons  between  real  and  simulated  radar 
Images  (t.e.,  qualitative  comparative  analyses  were  performed)  for 
validation  of  the  results.  The  results  of  these  analyses  were  shown 
to  be  very  good.  Indicating  success  In  using  the  point  scattering  model 
to  simulate  both  SLAR  (Side-Looking  Airborne  Radar)  and  PPI  (Plan-Position 
Indicator),  and  are  presented  In  Sections  (2.0)  and  (3.0),  respectively. 
However,  as  with  all  subjective  analyses,  there  are  generally  more  questions 
raised  than  answered,  and  the  data  and  analyses  are  always  subject  to 
different  Interpretations  by  different  analysts,  A major  short-coming 
of  qualitative  Image  analysis  Is  that  It  relies  heavily  upon  the 
experience,  Interpretation  ability,  thoroughness,  a priori  knowledge 
of  the  Image  content,  and  Intuition  of  the  analyst.  No  matter  how  carefully 
(within  the  normal  limitations  Imposed  by  manpower  and  computer  resources) 
these  analyses  are  structured  and  conducted,  the  results  are  always 
questionable.  This  first  quantitative  test  of  the  point  scattering 
radar  Image  simulation  model  was  conducted  to  partially  allay  criticism 
of  the  qualitative  comparisons  and  Inferred  results  reported  In  the  earlier 
sections  and  partially  to  test  the  model  against  real-world  problems. 

The  quantitative  test  consisted  of  measuring  the  cross  correlation  between 
a simulated  radar  Image  (reference  scene)  formed  by  the  point  scattering 
method  and  a real  radar  Image  of  the  same  scene.  The  goal  was  both  to 
validate  the  point  scattering  radar  Image  simulation  model  as  well  as 
to  produce  reference  scenes. 

Many  ways  exist,  both  optically  and  electronically,  to  measure  the 

"Reference  Scene"  Is  the  name  applied  to  simulated  radar  Images  which 
are  formed  for  use  on  the  Correlatron. 
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cross  correlation  betweeri  two  Images.  The  method  selected  in  this  work 
was  to  use  a correlation  device  specifically  manufactured  to  measure  the 
cross  correlation  between  two  scenes.  The  device  used  Is  called  a Cor- 
relatron^  and  was  physically  located  at  ETL  (Engineer  Topographic  Labora- 
tories, the  United  States  Army,  Fort  Bulvolr,  Virginia).  The  Correla- 
tron  Is  an  electronic  device  which  externally  resembles  a television 
camera  tube,  but  Its  Internal  construction  and  function  are  quite  dif- 
ferent. The  function  of  the  Correlatron  Is  shown  conceptually  In  Figure 
16;  the  Correlatron  accepts  two  Image  Inputs  and  determines  the  cross 
correlation  between  them.  In  this  figure  the  Correlatron  Is  shown  as 
an  electronic  "black  box"  having  two  Inputs  and  one  output.  One  of 
the  Inputs  Is  shown  to  be  a real  radar  Image.  The  video  output  voltage 
(T|^(x,y,t))  of  the  radar  receiver  Is  applied  to  a LED  (light-emitting 

diode)  which  generates  a beam  of  light  when  a target-echo  Is  received, 
or  no  light  when  there  Is  no  return.  Quoting  from  the  Aviation  Week 
article,  "This  beam  of  light  Impinges  on  the  photo-cathode  to  generate 
electrons,  which  in  turn  are  caused  to  scan  by  the  Correlatron  deflec- 
tion system  so  as  to  'paint'  the  equivalent  of  the  real-world  radar 
display  on  the  storage  screen."  The  article  further  says  that  the 
electrons  emitted  by  the  photo-cathode  ",  . . are  then  attracted  to  a 
dielectrically  coated  fine  wire  mesh  that  is  at  a positive  potential  so 
that  the  Image  Is  stored  on  tiie  mesh  In  the  form  of  many  different  alec* 
trlcal  charges.  Typically  the  mesh  consists  of  500  to  1,000  wires  per 
Inch,  but  up  to  2,000  per  Inch  have  been  used  to  achieve  extremely  high 
resolution." 

Once  the  real  image.  Is  placed  on  the  torage  screen,  than  the  simu- 
lated radar  Image  (called  a reference  scenn)  Is  projected  onto  the  photo- 
cathode and  the  resulting  pattern  of  electron  emission  Is  deflected  to 
correlate  It  with  the  real-world  radar  Image  on  the  storage  mesh.  In 


^ Klass,  Philip  J.,  "Guidance  Device  Sot  for  Per*;hlnp  Tests,"  Aviation 
Week  and  Space  Technology,  May  12,  1975. 
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Figure  16.  G>nceptual  View  of  Correiatron 


Figure  16  the  simulated  radar  Image  Input  to  the  Correlatron  Is 
shown  as  a video  voltage  (T^(x,y)).  This  Is  conceptually  accurate 
but  not  strictly  true.  The  simulated  radar  Image  Is  actually  photo- 
graphically provided  to  the  Correlatron  by  optically  projecting  a 
transparency  onto  the  photocathode.  The  electron  current  produced  by 
the  photocathode  then  produces  the  voltage  (T^(x,y))  of  the  simulated 
radar  Image. 

In  this  way  the  cross  correlation  between  the  real  radar  Image  and 

a simulated  radar  Image  Is  measured  by  the  Correlatron.  The  output 

of  the  Correlatron  Is  the  two-dimensional  cross  correlation  (R_  y (x,y)) 

'R'S 

as  a functl'oh  of  position.  The  output  Is  shown  conceptually  In  Figure  16 
The  reference  scene  (simulated  radar  Image)  Is  said  to  be  "good"  If 
the  cross  correlation  peak  (output  of  the  Correlatron)  Is  greater  than 
some  threshold  value  (also  Illustrated  In  Figure I6).  If  the  correlation 
peak  doesn't  exceed  the  threshold  value,  It  Is  not  obvious  what  this 
means.  It  Is  not  so  clear  cut  as  "good"  or  "bad".  Because  of  the 
complexity  of  the  test  system,  If  the  criteria  are  not  met  the  reason(sl 
for  falling  to  meet  the  criteria  may  relate  to  any  part,  or  all  parl^j, 
of  the  test  system.  The  failure  may  be  traceable  to  the  real  Image  which 
served  as  Input  (radar  system,  Image  acquisition  and  storage  techniques, 
anomalous  features,  etc.),  to  the  simulated  radar  Image  (data  base, 
radar  simulation  parameters,  microwave  reflectivity  data,  simulation 
model.  Implementation  of  the  simulation  model,  etc.),  to  the  reference 
scene  Input  system  (digital  format,  Image  brightness  dynamic  range, 
quantization  level,  etc.),  or  to  the  Correlatron  Itself  (non-1 ineari ties 
In  shading,  photo-cathode  operation,  and  storage,  quantization  lesol, 
Image  brightness  dynamic  range,  deflection  system.  Interaction  belween 
real  and  simulated  Image  during  measurement  of  cross  correlation,  etc.). 
In  fact,  so  many  variables  Interact  In  this  test  that  it  can  be  a -gued 
that  the  test  N less  a quantitative  validation  of  the  general  point 


scattering  radar  image  simulation  model  and  more  (much  more)  a test  of 
a specific  application  of  the  model  (In  particular,  a test  of  the  soft- 
ware Implementation  of  the  specific  application)  together  with  the 
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supporting  system  hardware  required  for  this  model.  What  Is  really 
being  tested  are  the  concepts  and  techniques  Involved;  The  reference 
scene  generation,  the  real-world  Image  acquisition,  and  the  correla- 
tion concepts  and  techniques.  Thus,  If  the  cross  correlation  test 
falls,  not  much  can  be  Inferred  about  the  point  scattering  simulation 
method.  If  however,  the  test  Is  successful,  It  can  be  Inferred  Im- 
mediately that  the  point  scattering  radar  Image  simulation  model  Is 
a valid  simulation  model  for  this  application.  The  better  the  degree 
of  correlation  of  our  reference  scenes  with  "live"  radar  data,  the’t 
greater  the  quantitative  validation  of  our  simulation  mode,!:  It  cor^ 
relates  well  with  "live"  video  data  collected  by  a real  PP1  from  the 
same  scene.  •- 

I 

It  should  bo  noted  at  this  time  that  this  task  represents  the 

first  application  of  the  point  scattering  radar  Image  simulation  method 

to  model  "real  world"  processes.  In  all  previous  work.  Including^  ^ 

Sections  2.  and  3.  of  this  report,  the  radar  Image  simulation  model 

/ 

represented  Ideal,  or  perfect,  systems.  'This  Is  the  first  time'that 
the  model  doesn't  represent  an  Ideal  system.  Not  all  characteristics 
of  the  model  developed  for  this  task  represent  real.  Instead  of  perfect, 
systems  for  they  were  not  all  known.  But,  for  the  major  characteul s* 
tics,  this  Is  true.  For  the  total  model,  Its  a mixture  of  real  and 
Ideal  system  characteristics.  The  system  being  modeled  is  the  PPI 
radar,  the  ground  test  site,  and  the  Correlatron.  Real  aspects  of'^e.ich 
of  these  have  been  Included  in  the  model  developed.  For  Instance,  the 
resolution  of  the  PPI  system  forced  averaging  Independent  cells 
(real  world  process)  but  the  details  of  antenna  and  transmitter  were 
unknown,  and,  thus,  assumed  Ideal.  The  radar  return  categories  in 
the  test  site  were  Identified  (real  world)  and  assumed  to  be  homogeneous 
(Ideal).  The  Correlatron  was  assumed  to  be  an  Ideal  electronic  "black 
box".  The  PPI  Image  format  together  with  reference  scene  requirements 
cjused  modifications  to  be  made  to  the  general  model.  These  modifl-  . 
cations  were  Incorporated  Into  the  software  Implementation  of  the  model 
and  were  essential  to  model  the  "real  world"  processes. 


I This  points  out  a tremendous  advantage  of  our  radar  Image  slmnla- 

1 tion  method.  It  has  been  said  before,  but  this  Is  the  first  proof  of 

i 

i the  assertion  that  this  model  Is  mathematically  rigorous.'  It  Is  only 

I 

necessary  to  define  the  characteristics  of  the  real  system  being  slmu- 
^ lated  and  how  they  depart  from  the  Ideal  case,  then  to  alter  the  basic 

model  accordingly.  Thus,  this  model  serves  as  the  basic  building 
block  to  describe  any  radar  Imaging  system. 

The  candidate  scenes  (reference  scenes)  have  been  prepared  and 
the  digital  magnetic  tapes  containing  these  scenes  have  been  sent  to 
[.  GTL  for  testing  on  the  Correlatron.  Preliminary  results  Indicate 

r;  excellent  correlation.  More  detailed  analysis  of  the  results  are  pend- 

V tng. 

f i ' 
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^4,  i Work  Plan 

Successful  completion  of  this  task  required  coordination  and 
cooperation  between  the  Kansas  Simulation  Group  at  the  RSL  (Remote 
Sensing  Laboratory)  and  ETL  (Engineer  Topographic  Laboratories). 

We  were  responsible  for  forming  reference  scenes  and  the  ETL  was 
responsible  for  testing  them  on  the  Correlatron.  Figure  17  Illustrates 
the  conceptual  flow  of  work  performed.  Both  the  activities  performed 
at  the  RSL  and  at  ETL  ate  shown.  As  can  be  seen  by  reference  to  Figure 
17i  the  work  performed  at  RSL  falls  Into  four  major  categories: 

(I)  Produce  data  base:  (2)  Develop  simulation  software;  (3)  Obtain 
terrain  data;  (4)  Produce  simulated  radar  Images.  Similarly,  it 
can  be  seen  that  the  activities  performed  at  ETL  fall  Into  two  categories; 
(l)  Produce  reference  scene  film;  (2)  Run  Correlatron  tests. 


The  first  task  accomplished  was  production  of  a ground  truth  data 
base.  Before  this  task  could  be  started,  It  was  necessary  to  select  a 
suitable  test  site.  The  selection  criteria  were  established  by  the  necessity 
for  physical  realization  of  the  test.  This  necessity  dictated  that  the 
primary  site  selection  criteria  were:  (1)  Real  radar  video  data  of  the 

test  site  must  exist;  (2)  The  test  site  must  be  representative  of  the 
complexity  and  mixture  of  features  normally  found  in  radar  Images;  (3) 

Source  data  from  which  a ground  truth  data  base  could  be  constructed  (both 
elevation  and  planimetry)  must  l>e  available;  (A)  Empirlcdl  differential 
scattering  cross-section  {o°)  data  (or  suitable  theoretical  scattering 
models)  for  the  scattering  types  contained  tn  the  selected  area  must  be 
obtainable.  All  of  the  requisites,  except  criterion  (A)  were  found 
to  exist  for  a test  site  centered  around  the  Pickwick  Dam  located  In 


Tennessee.  A ground  truth  data  base  was  constructed  of  this  site.  The 

1 1 

problems  raised  by  the  lack  of  0“  data  for  this  site  were  resolved  by 


appeal  to  theory,  the  literature,  and  Intuition. 


"Abbott,  J.  L.,  R.  1.  Martin,  M.  McNeil,  V.  H.  Kaupp,  and  J.  C.  Holtzman, 
"Backscatter  Data  for  the  Digital  Radar  Image  Simulation  of  the 
Pickwick,  Alabama  Site,"  TR  319‘7,  Remote  Sensing  Laboratory,  The 
University  of  Kansas,  Lawrence,  Kansas,  February,  1977.  Included  In 
Appendix  G,  Vol.  II,  ETL  TR-OllB, 


Before  construction  of  the  data  base  could  be  started  it  was 
also  necessary  to  select  a radar  system  to  model,  to  specify  the  system 
parameters,  and  to  specify  the  maximum  resolution  requirements. 

Selection  of  a radar  system  (and,  of  course  the  system  parameters  in- 
cluding resolution)  was  dictated  by  satisfaction  of  criterion  (1)  above. 

Once  real  radar  video  data  were  obtained  for  a test  site,  the  system 
parameters  and  resolution  were  automatically  accounted  for.  Thus,  these 
two  separate  paths,  shown  In  Figure  17  culminatint;  in  producing  a data 
base,  were  simultaneously  satisfied. 

After  selection  of  a test  site  and  specification  of  the  radar  system 
parameters,  work  was  started  on  construction  of  the  ground  truth  data 
base.  Elevation  data  were  obtained  from  ETL  for  the  topographic  area 
selected  (those  data  were  stored  on  computer-compatible  digital  magnetic 
tapes)  and  work  was  initiated  at  P.SL  to  extract  the  radar  plnnimetry 
data  (ground  return  categories  oertlnent  to  an  Imaging  radar  system) 
from  source  data  (maps  and  aerial  photographs).  The  planimetry  data 
were  digltl.-eJ  and  organized  Into  a four-dimensional  matrix  compatible 
with  the  elevation  data,  The  digital  planimetry  and  digital  matrix  (the 
dimensions  were:  range,  azimuth,  elevation,  category)  were  stored  on 
computer-compatible  magnetic  tapes.  These  nagnetic  tapes  are  the  ground 
truth  data  base  of  the  Pickwick  Oani  test  site.  They  contain  in  computer- 
compatible  format  the  location,  elevation,  and  radar  return  category  of 
each  point  on  the  ground  in  the  test  site.  As  can  be  seen  in  Figure  17, 
several  tasks  were  performed  in  parallel  with  construction  of  the  data 
base.  The  First  of  tnese  was  development  of  the  simulation  software. 

Even  though  the  point  scattering  radar  Image  simulation  model  is  complete- 
ly general  and  rigorous,  it  is  always  advantagemis  to  develop  unique 
software  for  each  s-  icific  application.  These  advantages  primarily  are 
owing  to  simplifications  which  can  be  incorporated  in  the  software  due  to 
niodellng  a specific  radar  thereby  niaking  it  a cost-effective,  specialized 
package.  The  Correlatron  also  imposed  some  unique  requirements  on  the  sim- 
ulation model.  These  requirements,  by  themselves,  dictated  development 
of  specific  software  for  ferming  reference  scenes.  Thus,  special  simulation 
software  were  developed  to  produce  reference  scenes.  The  second  activity 
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performed  In  parallel  with  construction  of  the  data  base  was  obtaining 
terrain  data.  An  Investigation  was  conducted  Into  the  ava i labi 1 1 ty 
of  empirical  scattering  cross-section  (o°)  data  for  the  types  of  radar 
ground- return  scattering  catenories  found  to  exist  In  the  data  base 
area  (Pickwick  Dam  test  site).  The  literature  was  searched  for  empirical 
data  and  applicable  theoretical  models.  The  Study  was  conducted  and 
applicable  data  were  obtained. 

Upon  completion  of  these  three  basic  activities  (data  base  con- 
struction, simulation  software  development,  terrain  (o“)  data  acquisition) 
it  became  possible  to  perform  the  fourth  (I.e.,  to  produce  test  refer- 
ence scenes).  Test  scenes  were  produced  and  evaluated,  and  problems 
and  errors  were  corrected.  A final  set  of  reference  scenes  were  formed, 
stored  on  digital  magnetic  tape  In  a computer-compatible  format,  and  sent 
to  ETL  for  testing  on  the  Correlatron  against  "live"  radar  video  data, 

It,  2 Reference  Scene  Data  Base 

A ground  truth  data  base  was  constructed  of  the  topographic  area 
In  the  states  of  Tennessee,  Mississippi,  and  Alabama  centered  on  the 
northwest  corner  of  the  Power  House  Building  at  the  Pickwick  Landing 
Dam  across  the  Tennessee  river.  After  specification  of  the  test  site 
and  radar  system  parameters,  source  data  were  acquired  from  which  the 
ground  truth  data  base  could  be  built.  Construction  of  the  data  base 
was  separated  into  two  halves.  The  first  half  was  acquisition  of  ele- 
vation d?ta  which  accurately  modeled  the  relief  present  in  the  topo- 
gruohy  of  the  test  site.  The  second  half  was  construction  o^  a fea- 
ture map  which  accurately  represented  the  geometry,  location,  and 
description  of  natural  and  man-made  targets  present  In  the  test  site. 
Details  of  the  construction  of  this  data  base  are  reported  In  Section 
5 and  In  Volume  II. 
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A . 3 Reference  Scene  S I mu  1 at  Ion  Model 


Referring  back  to  Figure  17t  it  is  seen  that  while  the  ground  truth 
data  base  was  being  constructed  the  reference  scene  simulation  model  was 
being  developed.  Recall  that  the  purpose  of  this  task  was  to  make  quanti- 
tative measurements  of  the  quality  of  simulated  radar  images  (reference 
scenes)  and  real  radar  video  data  of  the  same  site.  To  accomplish  this 
the  reference  scene  simulation  model  had  to  represent  accurately  the  op- 
erating parameters  and  formatting  requirements  of  both  the  Correlatron 
and  the  real  radar  system.  A special  reference  scene  simulation  computer 
program  was  written  to  Incorporate  these  features'^.  The  details  of 
this  effort  will  not  be  repeated  here,  they  are  reported  in  Volume  11, 

The  test  site  selected  for  the  test  of  the  simulation  model  was  the 
Pickwick  Landing  Dam  area.  Radar  video  data  of  this  site  had  been  col- 
lected by  a PPI  (Plan  Position  Indicator)  radar  and  stored  on  magnetic 
tape.  It  was  proposed  to  form  simulated  radar  images  of  the  Pickwick 
site  and  use  the  Correlatron  to  measure  the  degree  of  cross  correlation 
between  them  and  the  real  PPI  video  data. 

Normally  when  modeling  a system,  calibrated  system  data  and  transfer 
functions  are  used  to  develop  a model  (computer  program  in  this  case) 
which  approximates  "real-world"  events.  In  this  case,  only  minimal  in- 
formation was  available  about  the  transfer  functions  of  both  the  real 
PPI  radar  and  the  Correlatron.  Yet,  features  of  both  had  to  be  incorpo- 
rated into  the  simulation  model.  To  overcome  this  lack  of  system  data, 
the  reference  scene  simulation  software  have  been  developed  assuming  a 
"perfect"  system.  That  is,  the  PPI  radar  was  assumed  to  have  an  antenna 
pattein  with  constant  gain  across  the  azimuthal  beamwidth  and  with  zero 
gain  elsewhere,  and  the  gain  was  assumed  to  be  a nominal  csc^B  cosB  ( B * 
depression  angle)  pattern  In  the  range  direction.  The  return  power 


Komp , E. , V.  H.  Kaupp,  J.  C.  Holtzman,  "Digital  PPI  Model  For  Radar 
Image  Simulation  and  Results",  TR  319-19,  RSL,  The  University  of 
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(P.)  Incident  at  the  antenna  terminals  was  assumed  to  be  linearly 
related  to  the  intensity  (l)  incident  on  the  recording  film  (i.e.,  the 
receiver  transfer  funcLion  was  assumed  to  be  linear  in  the  portion  of 
the  dynamic  range  used:  where  M is  a constant  of  proportionality). 

The  transfer  function  of  the  Correlatron  was  assumed  also  to  be  "perfect." 

It  was  assumed  that  the  mechanics  of  sampling  the  reference  scene  did 
not  degrade  the  scene;  that  the  input  paths  were  identical  for  both 
the  "live"  video  and  "reference  video;"  that  the  process  of  converting 
a reference  scene  stored  on  photographic  film  to  a "video"  signal  was 
linear;  and  that  the  process  of  measuring  the  cross-correlation  did  not 
significantly  degrade  either,  or  both,  the  "live"  or  the  "reference" 
scene. 

These  assumptions  though  necessary,  do  not  at  first  appear  to 
be  realistic.  They  are  too  simplistic.  However,  the  true  test  of  a 
model  Is  how  faithfully  It  predicts  "real-world"  phenomena,  not  how 
faithfully  each  and  every  component  and  sub-component  Is  reproduced. 

Just  as  all  mathematical  models  are  abstractions  of  reality,  so  is  the 
reference  scene  model  developed  and  implemented  for  the  Correlatron  test. 
The  extent  to  which  this  model  faithfully  predicts  "real-world"  events 
is  directly  related  to  the  validity  of  many  assumptions  and  simplifications 
Among  these  are:  (l)  Paramt'ers  and  transfer  function  of  the  real  PPI 
radar;  (2)  Parameters  and  transfer  function  of  the  area  correlator; 

(3)  Validity  of  the  empirical  differential  scattering  cross- 
section  data;  (A)  Accuracy  of  the  reference  scene  ground  truth  map; 

(5)  Software  Implementation  of  this  specific  application  of  the  general 
point  scattering  simulation  model;  (b)  Finally,  validity  of  the  point 
scattering  simulation  model. 

This  test  of  the  point  scattering  radar  Image  simulation  model  was 
designed  to  be  a blind  trial:  No  a priori  knowledge  about  the  flight 
parameters  of  the  PPI  data  from  the  tarqet  were  made  available  to 
Kansas.  Only  two  pieces  of  Information  were  provided:  (1)  The  altitude 
from  which  the  PPI  data  were  taken  was  4,000  feet,  and  (2)  The  entire 
PPI  image  would  lie  within  a 2.75  mile  radius  circle  centered  on  the 
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northwest  corner  of  the  power  house  of  the  Pickwick  Landing  Dam  test 
site.  This  means  that  the  reference  s -.ene  simulations  had  to  be 
constructed  as  nearly  omni-directional  as  possible,  since  the 
direction  of  approach  was  not  known.  Obviously  radar  Imagery  is  excep- 
tionally directional.  This  property  is  caused  by  the  fact  that  the  radar 
provides  its  own  source  of  illumination.  Thus,  the  direction  of  layover 
and  shadow  are  determined  by  the  look-direction  of  the  radar.  Nevertheless, 
the  reference  scenes  were  formed  assuming  that  the  real  Imagery 
were  centered  on  the  power  house  looking  radially  outward. 

The  PPI  radar  used  to  collect  the  "live"  video  data  of  the  Pickwick 
site  had  an  unusual  Image  scan  format.  It  recorded  data  for  a full 
circular  sv/eep  of  the  scene  (360")  Instead  of  the  normal  sector  (90°) 
associated  with  PPI  radars.  This  special  scan  is  Illustrated  in  Figure 
18  and  Is  compared  to  a normal  PPI  scan.  Additional  details  of  the  image 
format  are  shown  in  Figure  18.  As  can  be  seen  by  reference  to  this  figure, 
this  PPI  radar  Imaged  the  terrain  within  an  annular  ring  bounded  on  the 
near  range  by  35*^  incidence  angle  and  on  the  far  range  by  65°.  The 
terrain  lying  within  the  circle  bounded  by  35°  was  not  Imaged;  this 
created  a hole  In  the  real  image.  At  14,000  foot  altitude  (the  altitude 
at  which  the  "live"  video  data  were  collected)  the  radius  to  the  far 
range  extent  of  the  PPI  Image  Is  approximately  1.6  miles.  Recall  that 
the  only  additional  sped ficat ions  were  that  the  entire  real  PPI  scene  would 
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lie  within  a circle  of  2 mile  radius  centered  on  the  power  house. 

The  guometry  of  the  situation  Is  shown  in  Figure  19. 

As  shown  in  Figure  19.  the  direction  of  approach  of  the  real  PPI 
radar  and  the  center  of  the  real  imagery,  being  unknown  before  forming 
reference  scenes,  might  occur  any  place  within  the  reference  scene.  This 
presented  a formidable  problem  for  the  reference  scene  software  because 
the  reference  scene  had  to  be  capable  of  a degree  of  cross  correlation 
with  the  real  Image  in  excess  of  the  threshold.  These  conditions  (uncer- 
tainty of  approach  and  center  of  the  real  PPI  video  signal)  imposed 
nece‘'sary  conditions  on  the  simulation  effort:  (I)  No  "holes"  were 
allowed  In  the  reference  scene  even  though  one  existed  in  the  reai 
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Figure  T9.  Comparison  of  Reference  Scene  to  PPI  Radar  Image  Fonnat' 


data;  (2)  the  reference  scene  must  be  larger  than  the  real  PPI  scene 
to  accomodate  "centering"  errors;  (3)  Angles  of  Incidence  of  the  real  data 
were  In  the  range  35°  to  65°  meaning  all  of  the  reference  scene  should 
also  be  in  that  range  even  though  the  actual  geometry  of  the  reference 
scene  would  decree  a range  from  0°  to  75°. 

These  conditions  were  all  Incorporated  Into  the  software  Implemen- 
tation of  the  point  scattering  radar  Image  simulation  model  developed  to 
form  reference  scenes.  The  basic  approach  undertaken  was  to  minimize 
differences  between  the  simulated  Images  and  real  Images. 

Consider  the  magnitude  of  the  problem.  If  the  PPI  radar  approaches 
the  target  (northwest  corner  of  the  power  house)  off  course  as  shown  In 
Figure  19,  then  look  direction  errors  between  real  and  reference  scenes 
between  0°  and  180°  occur.  Look  direction  affects  are  most  significant 
In  ground  scenes  having  considerable  local  relief  because  the  direction 
and  length  of  shadows  (and  layover)  In  radar  Images  are  determined  by  the 
look  direction.  Figure  20  Illustrates  the  problem  for  a look  direction 
error  of  lfi0°  between  the  real  and  simulated  radar  Image.  The  condition 
shown  In  Figure  20  might  occur  anyplace  on  the  line  segment  labeled  A 
In  Figure  19.  As  the  line  segment  A Is  rotated  around  the  center  of  the  rea 
Image  In  Figure  19,  It  can  be  seen  that  the  look  direction  error  will 
decrease  from  180°  to  0°when  It  Is  aligned  with  the  segment 
labeled  B.  Test  sites  having  significant  local  relief  variation  would 
appear  very  different  depending  upon  the  direction  of  approach  of  the  real 
PPI  radar.  Fortunately,  the  Pickwick  test  site  had  only  a modest 
amount  of  local  relief,  so  this  Is  one  problem  which  was  not  tackled  during 
this  quantitative  validation  test  of  the  point  scattering  radar  Image 
simulation  model.  But  It  certainly  warrants  attention  it  a test  site 
having  a considerable  amount  of  local  relief  Is  selected  at  some  point  In 
the  future. 

Other  aspects  of  the  look  direction  problem  were  treated  and  their 
impacts  minimized  In  the  software  Implementation  of  the  simulation  model. 

As  should  be  obvious  from  either  Figure  19  or  20,  as  the  look  direction 
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Figure  20.  Effect  of  Look  Direcrton  Error 


changes  so  also  does  the  Incidence  angle  change.  Consider  the  circle  of 
constant  65°  Incidence  angles  of  the  real  PPI  Image  shown  In  Figure  19* 

Imagine  a line  drawn  from  the  point  describing  the  effective  position  of 
the  radar  In  the  reference  scene  (point  C)  to  the  65°  circle.  As  the 
imaginary  line,  pinned  at  C,  traces  out  the  65°  circle  It  Is  easily 
seen  that  the  angle  of  Incidence  In  the  reference  scene  changes  from 
approximately  0°  to  approximately  65  to  70°  while  in  the  real  scene  It  Is 
constant.  As  Is  well  known,  ground  radar  return  data  (a°)  for  the  same 
target  varies  by  many  decibels  over  the  range  0°  to  70°  Incidence  angle. 

For  this  reason,  the  reference  scene  simulation  software  could  not  be  set  up 
to  produce  a simulated  Image  according  to  the  actual  geometry  of  the  problem. 
If  this  were  done,  even  If  the  65°  circle  happened  to  fall  always  on  the 
same  category  and  thus  would  be  a constant  shade  of  grey  In  the  real 
Image,  the  65°  circle  would  trace  out  a path  on  the  reference  Image 
which  conceivably  could  vary  from  black  to  white. 

In  the  range  of  Incidence  angles  In  the  real  Image,  35°  to  65°, 
most  radar  ground  return  curves  are  relatively  linear  and  have  relatively 
shallow  slopes  (nothing  factual  or  quantitative  Implied  here,  this  Is  a 
qualitative  argument).  The  antenna  function  In  the  range  direction 
(look  direction)  over  this  same  range  of  incidence  angles  tends  to  com- 
pensate for  the  slope  of  the  o°  data  producing,  for  a number  of  ground  return 
categories,  a relatively  uniform  return  thereby  minimizing  the  problem 
caused  by  different  look  directions.  For  these  reasons,  it  was  decided 
tiiat  the  minimum  angle  of  Incidence  in  the  simulated  reference  scene 
would  be  35°  and  the  maximum  would  be  65°.  The  area  in  the  reference 
scene  lying  between  35°  and  65°  angle  of  incidence  was  simulated  normally. 
And,  the  area  lying  outside  the  65°  circle  was  all  simulated  as  If  it  were 
65°.  This  solution  did  not  attempt  to  mode!  the  real  video  exactly  but, 
rather,  did  attempt  to  minimize  discrepancies  between  the  reference  scene 
and  the  "live"  video  produced  in  flight. 

This  is  not  to  say  that  local  slope  variations  were  not  accounted 
for;  they  were,  Indeed,  accounted  for.  What  Is  meant  Is  that  the  incidence 
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angle  (3)  between  the  antenna  "boresight"  and  the  local  vertical  was  always 
In  the  range  35*’  to  65”.  Local  slope  variations  then  altered  the  Incidence 
angle  to  the  local  Incidence  angle  Just  like  In  the  simulation  models 

described  In  Sections  2 and  3-  In  fact  the  limitations  Imposed  on  minimum 
and  maximum  values  of  0 come  strictly  from  the  local  relief  In  the  scene. 

This  solution  to  the  angle  of  Incidence  problem  created  data  handling 

problems  for  the  computer  program,  and  data  base  problems.  For  Instance, 

35°  angle  of  Incidence  specifies  a resolution  cell  size  for  short  pulse 
and  narrow  bcamwidth  radars.  Yet,  the  geometry  of  the  data  base  dictates 
that  as  data  base  cells  get  closer  to  the  center  (In  polar  coordinates) 
they  get  larger  In  the  range  direction  and  smaller  In  the  azimuth  direction. 
This  problem  was  minimized  by  accurately  modeling  another  feature  of  the 
real  PPI;  It  recorded  data  In  ground  range  mode.  Ground  range  mode  means 

that  (for  a flat  earth)  equal  size  objects  located  In  the  near  and  far  range 

will  have  equal  sizes  In  the  Image  format.  This  Is'normally  accomplished 
by  applying  a nonlinear  sweep  to  the  electron  beam  of  the  viewing  CRT.  But, 
for  simulation  purposes.  It  simply  meant  building  the  simulation  data  base 
with  equal  size  cells  In  the  range  direction.  It  should  be  noted  at  this 

time  that  In  the  presence  of  terrain  having  significant  relief,  ground 
range  mode  Introduces  large  distortions,  a fact  to  keep  in  mind  for  such 
future  s I tes. 

In  summary,  the  general  point  scr3tterlng  radar  Image  simulation 
model  was  specifically  tailored  to  the  special  requirements  Imposed  to 
simulate  reference  scenes  for  use  on  the  Correlatron.  The  software 
Implementation  of  the  reference  scone  simulation  model  Included  the  fol- 
lowing special  features: 

(1)  360°  PPI  Image  scan  format; 

(2)  Simulated  area  was  larger  than  the  real  Image  to  allow 
"centering"  errors; 

(3)  No  holes  allowed,  the  reference  scene  was  completely  filled; 

(4)  Minimum  angle  of  Incidence  ■ 35”; 


(5)  Maximum  angle  of  incidence  ■ 65°  ! 

(6)  Local  angle  of  Incidence  was  properly  treated; 

(7)  In  the  reference  scene,  the  area  between  0°  and  35*^  was 
simulated  at  a constant  35°  angle  of  Incidence; 

(8)  The  area  between  35*^  and  65'^  was  simulated  normally; 

(9)  The  area  outside  65°  was  simulated  at  a constant  65°; 

(10)  Variations  due  to  angle  of  Incidence  differences  between 
real  and  simulated  Image  were  minimised; 

(11)  Reference  scenes  were  formed  In  the  ground  range  mode; 

(12)  Layover  and  shadow  were  properly  Included; 

(13)  Local  slope  variations  In  the  terrain  were  properly 

I Included. 
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After  specification  of  the  operating  parameters  (frequency  and  polar- 
ization) of  the  real  PPI  radar  and  after  Identification  of  the  different 
categories  of  scatterers  located  In  the  proposed  scene  to  be  simulated, 

It  was  necessary  to  obtain  appropriate  terrain  return  data.  The  differ- 
ent categories  of  radar  scatterers  Identified  In  the  Pickwick  reference 
scene  test  site  were  separated  IntC'  two  major  classes:  (1)  Distributed 
targets,  and  (2)  Cultural  targets. 

Distributed  targets  are  homogeneous  regions,  each  with  a single 
microwave  scattering  category  throughout  It's  total  extent.  Each 
homogeneous  region  must  be  at  least  as  large  as  the  resolution  element  of  the 
radar  being  modeled,  the  Individual  scattering  centers  located  In  a resolution 
cell  must  be  randomly  located,  and  there  must  be  a laroe  number  of  scattering 
centers  In  each  resolution  cell  within  a homogeneous  region.  When  these  condi- 
tions are  satisfied,  an  average  value  of  the  scattering  cross-section  (o°) 
can  be  used  to  model  the  radar  return  from  these  homogeneous  areas  of 
terrain  (distributed  targets).  Most  of  the  terrain  located  in  the 
reference  scene  data  base  of  the  Pickwick  site  satisfied  these  criteria. 

Thus,  differential  scattering  cross-section  data  (o")  were  used  to  model 
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the  radar  return  properties  of  the  terrain  In  the  reference  scenes 
formed  from  the  Pickwick  data  base.  Actually,  empirical  a“  data  were 
used  (as  opposed  to  theoretical).  These  data  were  obtained  from  the 
literature  and  from  the  RSL  data  bank",  The  best  match  that  could  be 
found  between  available  empirical  n“  data  and  the  identified  distri- 
buted targets  In  the  Pickwick  site  was  sought.  The  empirical  data 
was  not  extracted  from  radar  Imagery  of  the  Pickwick  site  or  any  other 
site!  The  details  of  what  o”  data  were  used  to  form  reference  scenes 
are  presented  in  Volume  II". 

Cultural  targets  are  here  defined  to  be  manmade  objects  and 
features.  Their  radar  returns  are  characterized  by  specular  reflection. 
They  cannot  be  modeled  as  distributed  targets.  To  model  cultural  targets 
by  digital  computer  is  an  exceptionally  complex  task  requiring  tremen- 
dous detail  about  each  such  target  to  be  Included  In  the  data  base.  An 
evaluation  was  made  of  the  kinds  of  cultural  targets  present  In  the 
Pickwick  site,  their  orientations,  and  the  number  of  them.  It  was  con- 
cluded that  svmbollc  modeling  of  these  targets  would  provide  the  best 
probability  of  correlation.  By  symbolic  nrodolinq  we  mean  that  the  lo- 
cation of  each  cultural  target  was  pin  pointed  In  the  data  base  but 
the  orientation,  size,  geometry,  etc.,  was  not.  Cultural  targets  were 
assumed,  for  the  purposes  of  reference  scene  formation,  to  be  Isotropic 
radiators  having  an  effective  differential  scattering  cross-section  of 
+20  dB.  This  most  certainly  Is  not  accurate.  But,  consider  the  task: 
Cross  correlation  with  "live"  video  data  with  an  unknown  heading  and 
arbitrarily  located  center  with  lespert  to  the  center  of  the  reference 
scene.  The  orientation  (not  the  location)  of  cultural  targets  was 
random,  (liven  no  <1  priori  knowledge  of  the  heading  of  the  "live"  data, 
it  would  not  be  possible  to  properly  simulate  all  the  corner  reflectors, 


Abbott,  J.  L.  , R.  L.  Martin,  M.  McNeil,  V.  H.  Kau(.'p,  and  J.  C.  Holtzman, 
"Backscatter  Data  for  the  Digital  Radar  Image  Shnulatlon  of  the 
Pickwick,  Alabama  Site,"  TR  319-7,  Remote  Sensing  Laboratory,  The 
University  of  Kansas,  February,  1977'  Included  In  Appendix  G,  Vol. 

II,  FTL.  TR-0118. 


etc.,  of  cultural  targets  to  match  the  look  direction  of  the  "live" 
data.  The  best  that  could  be  done  would  be  to  accurately  mark  the  loca- 
tion of  them  and  assume  them  to  be  Isotropic  radiators.  Then,  given  a 
direction  of  approach  for  the  real  data,  those  cultural  features  proper- 
ly aligned  would  be  white  in  the  real  data  which,  of  course,  would  match 
very  nicely  with  the  simulation.  Those  not  properly  aligned  would  be 
some  lower  shade  of  grey  which  should  still  improve  correlation.  Thus, 
it  was  concluded  that  symbolic  simulation  of  cultural  features  would 
enhance  cross  correlation  between  the  real  and  simulated  Images,  and 
this  Is  the  way  they  were  treated  when  forming  reference  scenes. 

U , 5 Reference  Scene  Formation 

After  the  radar  system  operating  parameters  have  been  specified, 
after  the  ground  truth  data  base  has  been  constructed,  after  the  radar 
system  and  operating  environment  have  been  modeled  and  a software  imple- 
mentation has  been  developed,  and  after  the  ground  return  data  („“)  have 
been  obtained;  the  separate  pieces  can  be  put  together  and  reference 
scenes  can  be  formed.  Figure  21  shoves,  in  block  diagram  form,  a con- 
ceptual model  of  reference  scene  formation.  Figure  21  is  an  amplifica- 
tion of  part  of  Figure  17,  the  block  which  states,  "Produce  Simulated 
Radar  Images."  As  can  be  seen  in  Figure  21  there  Is  a large  degree 
of  interaction  between  the  tnree  basic  program  Inputs.  As  a brief 
review,  the  first  data  required  are  the  radar  system  parameters  and 
site  of  which  the  reference  scene  Is  to  be  built.  Upon  specification 
of  these  parameters,  data  base  construction  and  radar  system  modeling 
are  started.  Once  the  ground  return  categories  to  be  included  In  the 
data  base  have  been  Identified,  then  the  search  for  appropriate  radar 
return  data  (a°)  Is  started.  After  completion  of  the  task  of  modeling 
the  radar  system,  a software  implementation  of  the  model  Is  developed. 
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Upon  completion  of  these  four  activities,  the  simulation  system  is  ready 
to  start  producing  reference  scenes. 


collect  the  "live"  video  data  of  Pickwick  was  a PPI.  These  two  facts 
mean  that  the  data  base  must  be  converted  from  rectangular  coordinates 
to  polar  coordinates  for  the  reference  scene  formation  software.  A 
special  rectangular-to-polar  coordinates  conversion  program  was  written. 
Standard  ("canned")  programs  were  not  used  because  of  the  very  large 
size  (number  of  data  points)  of  the  Pickwick  data  base  (approximately 
10  million  data  points).  They  would  have  cost  too  much  to  run  and,  thus, 
were  not  used.  Instead,  a special  program  was  written'®  which  was  much 
faster  (and,  thus,  cheaper)  to  run. 

To  make  reference  scenes,  the  following  sequence  occurs;  see  Figure 
21.  A radar  data  base  is  made.  Radar  data  base  only  means  that  It  Is 
In  correct  geometric  format  (polar  coordinates)  and  has  the  correct 
resolution  cell  rize  for  the  radar  being  modeled.  The  radar  data  base 
Is  made  by  the  rectangular-to-polar  coordinates  conversion  program 
and  Is  made  from  the  ground  truth  data  base  and  from  specification  of 
the  resolution  element  of  the  radar  being  modeled.  The  output  of  this 
program  (the  radar  data  base)  serves  as  one  Input  to  the  reference 
scene  formation  program. 

The  reference  scene  program  forms  simulated  radar  Images.  It 
forms  these  Images  from  the  three  sets  of  Input  data.  First,  the 
radar  system  parameters  specify  operating  frequency,  polarization,  re- 
solution size,  flight  altitude,  flight  location,  flight  orientation, 
flight  heading,  etc.  are  used  together  with  the  radar  data  base  by  the 
program  to  calculate  ail  the  Intermediate  data  prior  to  calculating 
the  final  result.  Such  data  as  local  slope,  resolution  cell  area,  local 
angle  of  Incidence,  radar  angle  of  incidence,  range  to  cell,  etc.,  are 
calculated.  The  final  step  is  to  use  these  Intermediate  results  with  the 


backscatter  data  (0°)  to  compute  the  fraction  of  power  reradiated 
back  to  the  radar  and  process  these  data  Into  the  final  result,  the 
greytone  values  for  each  point  In  the  scene.  At  this  point,  the 
reference  scene  has  been  formed.  It  is  stored  on  digital  magnetic  tape 
In  a polar  coordinate  system. 
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Next,  the  reference  scene  is  converted  Into  a rectannular  coordinate 
system  and  stored  on  digital  magnetic  tape.  The  same  program  used 
earlier  to  convert  the  ground  truth  data  base  to  a radar  data  base  is 
used.  This  program  converts  the  polar  coordinate  reference  scene  into 
a rectangular  grid  matrix  of  specified  size  and  stores  it  on  digital 
magnetic  tape.  The  size  of  this  matrix  Is  determined  by  Its  use.  As 
can  be  seen  In  Figure  21,  several  alternatives  exist  at  this  point:  The 
reference  scene  can  be  displayed  on  conventional  equipment  such  as 
RSL's  lOECS’''  or  It  can  be  tested  on  the  Correlatron.  If  It  Is  desired 
to  display  the  reference  scene  for  evaluation  at  RSL^  then  the  size  of 
the  rectangular  matrix  is  determined  by  display  limitations  and  evaluation 
condiderat Ions . If  the  scene  Is  to  be  tested  on  the  Correlatron,  then 
the  size  of  this  matrix  is  pre-determi ned.  Regardless  of  which  (or  both) 
alternaclve(s)  Is  (are)  desired,  a reference  scene  of  the  Pickwick  test 
site  hds  been  produced  at  this  time.  The  work  remaining,  now,  Is  to 
evaluate  the  reference  scene  tests  on  the  Correlatron. 

A. 6 Results:  Reference  Scenes 


Refer.'nce  scenes  have  been  produced  for  the  Pickwick  Landing  Dam 
test  site.  These  reference  scenes  have  been  properly  formatted,  stored 
on  digital  magnetic  tape,  and  these  tapes  have  been  sent  to  ETL  for 
testing  on  the  Correlatron.  The  complete  test  results  are  not  yet  avail- 
able, however,  preliminary  results  are  very  satisfactory. 

For  the  purposes  of  this  report,  a qualitative  evaluation  Is  given 
In  lieu  of  the  Correlatron  results.  (It  Ir  unfortunate  that  the  quantita- 
tive results  can't  be  given  for  they  are  very  good,  but  circumstances 
beyond  our  control  prevent  It,)  Five  photographs  of  Pickwick  reference 
scenes  are  presented  In  Figures  22-26.  Before  discussing  the  results, 
one  problem  that  surfaced  Is  discussed.  Up  until  this  work,  we  have 
modeled  medium  resolution  radar  systems.  With  medium  resolution  radars 
all  of  our  Important  model  assumptions  and  requirements  are  typically 
satisfied  (Section  l.it).  With  this  work  we  were  modellnq  « coarse 
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resolution  radar  and  some  of  the  model  assumptions  broke  down.  We 
can  only  discuss  this  qualitatively  (how  It  "looked")  at  this  point, 
since  quantitative  data  can't  be  Invoked.  But,  the  principle  problem 
was  resolution.  Up  until  this  time  the  resolution  cell  size  specified 
by  the  system  being  modeled  represented  adequate  sampling  of  the  scene. 
Not  so  here.  The  system  being  modeled  had  a deliberately  enlarged 
resolution  cell;  and  for  the  purposes  of  rodar  Image  simulation,  this 
cell  tize  undersampled  the  scene  by  quite  a large  factor.  This  was 
apparent  In  early  Interim  results  because  the  scene  looked  like  a "patch- 
work  quilt."  An  Investigation  was  conducted  and  It  was  decided  that  the 
correct  way  to  simulate  this  radar  would  be  to  oversample  the  scene  by 
a number  of  Independent  samples  and  average  an  appropriate  number.  This 
had  been  unnecessary  In  previous  work  for  the  results  to  "look"  good. 

The  antenna  aperture  length  was  unknown  (azimuth  resolution  length)  as 
was  detailed  Information  on  the  transmitter  (I.e.,  was  frequency  averag- 
ing appropriate  In  the  range  direction?).  Thus,  a size  of  100  feet  In 
range  and  1/2°  In  azimuth  was  assumed  for  Independent  elements.  The 
radar  data  base  (not  the  ground  truth  data  base;  see  Figure  21)  was 
rebuilt  to  these  specifications.  The  reference  scene  simulation  soft- 
ware were  modified  to  average  a specified  number  of  Its  nearest  neigh- 
bors with  each  point:  N In  range,  M In  azimuth.  Each  point  In  the 
new  reference  scene,  then,  will  be  the  result  of  averaging  each  point 
with  N X M of  its  nearest  neighbors.  Since  the  antenna  pattern  wasn't 
known  any  better  than  the  antenna  length  and  transmitter  details,  the 
averaging  was  not  weighted  by  the  antenna  pattern.  For  present  pur- 
poses, the  gain  of  the  antenna  had  to  be  assumed  constant  over  a size  of 
N X M Independent  resolution  cells.  This  clearly  Is  a naive  assumption, 
but  It  was  essential  for  work  to  progress. 

New  reference  scenes  were  produced  using  the  Increased  resolution 
radar  data  base  and  the  averaging  capabilities.  The  results  were 
startling  to  the  eye:  The  blurring  caused  by  averaging  and  Increased 
Information  caused  by  finer  resolution  produced,  to  the  eye.  Just 
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I'xoctly  the  desired  effect.  The  simulated  radar  imagery  "looked" 
good. 

Figures  22-26  have  been  produced  using  these  techniques.  These 
figures  are  high  resolution  photographs  of  the  actual  digital  magnetic 
data  tape  sent  to  ETL  for  testing  on  the  Correlatron.  Thev  are  the 
qualitative  results  presented  here  to  substantiate  the  claim  of  the 
work  done.  Pending  word  from  ETL,  these  are  the  results.  Figure  22 
is  a high  resolution  photograph  of  a reference  scene  of  the  Pickwick 
site  made  at  full  radar  data  base  resolution  (100  feet  range  by  1/2" 
azimuth)  and  have  no  aver.iging  performed  (M  ■ 1,  N ■ 1).  Figure  23 
is  a photograph  of  a reference  scene  made  from  nn  average  of  nine 
Independent  cells  (M  ■ 3»  N ■ 3).  Figure  2^  represents  an  average  of 
81  Independent  cells.  Figure  25,  121  cells.  Figure  26,  99  cells. 


5 . 0 CONSTRUCTION  OF  DATA  BASES/FEATURES  EXTRACTION  TECHNIQUES 

5. 1 Background  and  Description 

9.1.1  Data  Base  Definition 

The  ground  truth  data  base  Is  a major  input  requirement  of  the 
point  scattering  radar  Image  simulation  computer  programs.  Since  the  radar 
simulation  model  has  been  implemented  on  the  digital  computer,  the  data  base 
must  be  In  digital  format.  The  data  base  can  be  considered  to  be  a digital 
model  of  the  physical  (geometric)  and  radar  return  (dielectric)  properties 
of  the  ground.  It  is  a digital  representation  of  the  different  features 
and  elevation  variations  of  the  ter*-aln  present  in  the  target  scene. 

This  input  data  base  contains  information  which  represents  the  area 
to  hr  simulated.  Because  the  area  to  be  simulated  normally  Is  a real  scene 
somewhere  on  the  surface  of  the  earth,  the  data  base  should  model  a three- 
dimensional  surface.  However,  an  assumption  was  made  that,  for  this  appli- 
cation, the  earth  could  be  modeled  as  a two-dimensional  surface  with  an 
orthogonal  coordinate  system.  This  assumption  has  been  successful  to  date, 
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Figure  22  Reference  Scene:  Pickwick  Site,  Test  I 
Altitude:  4000  Feet, Frequency:  X“Band 
PolarIzatlon:HH 

Resolutlon:Range=IOO  Feet,Azlmuth=l/2 ° 
Resolution  Cel  Is  Averoged:! 


Figure  23  Reference  Scene:  Pickwick  Site, Test  2 
Altltude!4000  Feet,Fiequency:  X-Band 
Polarization:  HH 

Resolution:  Range=300  Feet, Azimuthal  1/2" 

Resolution  Cells  Averaged:  9 
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Figure  2^  Reference  Scene;  Pickwick  Site , Test- 3 
Altitude:4000  Feet, Frequency: X“ Band 
Polarization;  HH 

Resolution:  Range=IIOO  Feet,AzImuth=  5 1/2- 
Resolution  Cells  Averaged:  81 


Figure  25  Reference  Scene:  Pickwick  Site, Test  4 
Altitude:  4000  Feet, Frequency  ;X“Band 
Polarization:  HH 

Resolution;  Ranges 900  Feet,Azimuth=4 1/2° 

Resolution  Cells  Averaged:  121 


133 


Figure  26  keference  Scene:  Pickwick  Site,  Test  5 
Altitude ; 4000  Feet , Frequency : X-Band 
Polarization : HH 

Reinliitlon : Ronoe=ll00  Feet,Az1muth=4 1/2® 
Resolution  Cells  Averaged:  99 
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as  the  largest  data  base  used  to  date  for  reference  scene  simulation  has 
been  36  square  miles.  However,  if  areas  to  be  simulated  become  large  (750 
miles),  then  this  assumption  might  bear  closer  scrutiny. 

The  two-dimensional  surface  was  chosen  because  it  closely  models  the 
real  world  and  has  the  most  natural  computer  representation.  This  repre- 
sentation is  the  two-dimensional  array,  or  matrix.  Each  entry  in  such  a 
matrix  has  associated  with  it  an  X and  a Y coordinate.  These  coordinates 
represent  offsets  in  the  two  orthogonal  directions  (range  and  azimuth)  from 
some  predetermined  origin.  Thus,  by  defining  the  X-offset  and  Y-offset 
appropriately,  this  mat.'lx  will  model  any  rectangular  grid.  In  order  to 
obtain  an  evenly  distributed  square  grid,  simply  define  the  X and  Y offsets 
to  be  the  same.  Another  advantage  to  this  scheme  Is  that  It  Is  easily 
modified.  For  Instance,  If  the  data  base  needs  to  be  transformed  Into  a 
different  resolution  data  hose,  then  appropriate  averaging  or  interpolation 
will  suffice  to  perform  the  transformation  and  the  new  data  base  is  in  the 
same  format  as  the  old  one.  This  two-dimensional  representation  also  ac- 
curately represents  the  third  dimension  of  height  by  Including  In  the  data 
value  an  elevation  component.  Another  advantage  of  this  data  base  format 
Is  that  although  the  Information  Is  stored  rectangularly,  it  does  not  have 
to  be  Interpreted  as  a rectangular  data  base.  For  example,  a polar  data 
base  can  easily  be  stored  in  this  format  by  using  a 360  x N matrix,  inter- 
preting the  first  component  as  degrees  of  offset  (0)  and  the  second  coor- 
dinate as  distance  from  the  origin  (r). 

The  three  simulation  programs,  SLAR,  PPl , and  terminal  guidance, 
were  designed  so  that  they  could  all  use  the  exact  same  data  base  as  initial 
input.  Thus,  even  though  the  terminal  guidance  and  PPl  radar  simulation 
programs  use  polar  coordinate  systems  rather  than  rectangular  coordinate 
systems,  the  first  step  In  those  two  packages  is  a rectangular-to-polar 
conversion  step.  In  this  way,  one  data  base  can  be  used  to  produce  si m- 
ulated  radar  Images  In  any  of  the  three  radar  Image  simulation  formats. 

Within  any  data  base,  each  data  Item  must  contain  an  elevation  value 
(as  mentioned  above)  and  a microwave  return  category.  This  second  half  of 
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the  data  item  (microwave  return  category)  refers  to  the  geometric 
and  electromagnetic  properties  of  the  ground  cover,  and  equates  to 
a categorization  of  relative  microwave  backscatter  and  return  char- 
acteristics of  different  ground  covers.  The  final  data  base,  as  in- 
put to  the  simulation  programs.  Is  stored  on  magnetic  tape  in  physi- 
cal block  mode,  the  size  and  number  of  blocks  known  to  the  program 
beforehand.  This,  then,  is  what  the  final  data  base  looks  like. 

Typically,  this  data  base  consists  of  a digital  matrix  containing 
four  dimensions.  These  four  dimensions  are  the  range  and  azimuth  coordinates, 
elevation,  and  radar  backscatter  category  of  each  point  on  the  ground.  It 
Is  this  matrix  upon  which  the  simulation  program  operates  to  calculate  such 
parameters  as  look-direction,  range,  angle-of-incidence,  shadow,  layover, 
range-compression,  local-slope  of  the  terrain,  loca 1 -ang 1 e-of- I nc I dence , 
etc.  After  calculating  these  parameters,  the  simulation  program  obtains 
from  the  ground  truth  data  matrix  the  radar  backscatter  category  of  each 
point  In  the  scene:  Only  the  backscatter  category,  not  the  o°  data,  are 
Included  In  the  data  base. 

Upon  calculation  of  all  these  parameters  and  specification  of  the 
backscatter  category  for  a point  on  the  ground,  the  simulation  program 
requests  o”  data  (Input  from  a data  file)  and  then  calculates  the  grey- 
tone  of  that  pixel  in  the  image.  This  is  repeated,  converting  information 
about  each  point  on  the  ground  Into  the  appropriate  greytone  for  each 
pixel  in  the  Image.  Thus,  the  Importance  of  the  ground  truth  data  base 
can  be  seen  to  span  the  radar  simulation  activities  from  geometric  fidelity 
to  greytone  fidelity  of  the  simulated  radar  Images  which  are  produced. 

5.1.2  Background 

Construction  of  the  ground  truth  data  base  is  a very  large  problem 
facing  radar  simulation.  Since  we  implement  our  radar  simulation  program 
on  the  digitai  computer,  the  ground  truth  data  base  must  be  in  digital  form, 
compatible  with  the  computer.  The  data  base  can  be  considered  to  be  a 
digital  model  of  the  ground.  This  digital  model  as  we  develop  it,  is  typl- 
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cally  a four-dtmensional  matrix;  two  dimensions  specify  the  range  and 
azir,i„tli  of  each  point  on  the  ground,  another  specifies  the  elevation 
of  each  point  and  the  fourth  describes  the  piicrowave  category  of  each 
point.  Construction  of  this  digital  ground  model  Is  a difficult,  time- 
consuming  problem. 

This  is  especially  so  because  of  the  way  tfiat  data  bases  are  con- 
structed. They  are,  typically,  built  using  manual  techniques.  Once  the 
source  Imagery  (photos,  maps,  etc.)  have  been  obtained  for  a particular 
s I te,a  photo- i nterpreter  uses  these  imagery  and  his  knowledge  and  intuition 
to  construct  a data  base  map  of  the  area.  This  data  base  map  Is  usually 
drawn  by  hand.  Major  features  may  be  traced  or  transferred  from  the  source 
Imagery.  Locations  of  minor  features  and  subdivisions  are  usually  subjective 
determinations  by  the  photo- interpreter.  The  name  most  often  applied  to 
this  task  Is  feature  extraction.  Construction  of  this  hand-drawn  data  base 
map  is  a major  effort  requl  ring  Judgment  • accuracy,  and  knowledge  of  the  area. 

When  this  hand-drawn  data  base  map  has  been  finished,  what  we  have  is 
a symbolic  radar  map  (category  map)  of  the  site.  It  Is  a line  drawing  of 
the  boundaries  outlining  features  present  in  the  area  (such  as  boundaries 
separating  forests  and  vegetation).  For  use  on  the  digital  computer,  this 
line  drawing  must  be  digitized  and  constructed  Into  a digital  matrix. 

A large  table  digitizer  Is  typically  used  to  digitize  the  boundaries 
on  the  category  map.  A human  operator  traces  each  boundary  v/ith  the  cursor 
of  the  digitizer  and  the  computer  attached  to  the  digitizer  table  period- 
ically samples  and  records  the  position  of  the  cursor.  After  digitization, 
we  have  a digital  magnetic  tape  containing  the  sampled  position  points,  all 
stored  consecutively  (serially),  for  each  boundary  In  the  category  map. 

These  serial  digital  boundaries  must  next  be  made  Into  a digital  matrix. 

The  magnetic  tape  containing  serial  boundary  data  are  input  to  the 
computer.  The  computer  is  used  to  sort  these  data  and  order  them  Into  a 
digital  matrix.  Special  software  are  used  to  fill  this  matrix  with  the 


appropriate  category  Information.  This  task  requires  a lot  cf  interaction 
between  man  and  machine  because  it  isn't  Dosstble.  normal Iv.  to  develon 


software  smart  enough  to  complete  it  In  one  pass  through  the  data.  At  the 
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completion  of  this  activity,  the  result  Is  a digital  matrix  of  radar  return 
category  Information  which  is  a symbolic  map  of  the  ground.  Each  cell  In 
this  matrix  represents  a specified  ground  spot  (both  location  and  size)  and 
lists  the  backscatter  category  of  that  point.  One  last  task  remains  before 
we  have  a completed  ground  truth  data  base:  We  must  obtain  digital  elevation 
data  of  the  scene  and  add  It  to  the  matrix. 

Fortuiiately,  for  the  data  bases  made  under  this  contract,  digital 
elevation  data  wereprovided  to  us  by  ETL  (Engineer  Topographic  Laboratories, 
FortBelvoIr,  Virginia).  We  did  not  have  to  produce  the  elevation  data.  We 
merely  had  to  extract  the  desired  data  from  each  of  the  computer-compatible 
tapes  containing  data  of  the  site  and  merge  these  data  into  an  orthogonal 
coordinate  system,  We  combined  these  data  into  one  digital  iiKrt.  ix.  At  this 
point  we  need  only  merge  the  digital  category  and  elevation  matrices. 

We  merged  the  digital  category  and  elevation  matrices  Into  one  four- 
dimensional matrix  which  is,  then,  the  ground  truth  data  base  for  a specified 
target  scene.  Upon  completion  of  this  activity,  the  ground  truth  data  base 
Is  ready  for  input  to  the  radar  simulation  program.  It,  the  data  base.  Is  a 
digital  model  of  the  backscatter  category  features  and  elevation  variations 
present  In  the  target  scene. 

As  can  be  seen,  most  of  the  work  was  performed  by  humans  when  con- 
structing data  bases.  The  techniques  used  arc  basically  manual  techniques. 

A photo- i nterpreter  scans  the  Intelligence  dato  and  draws  upon  his  inter- 
pretation experience  to  decide  what  information  to  transfer  manually  to  the 
data  base  under  construction.  These  decisions  are  made  with  as  few  computer 
enhancements  as  possible.  Several  reasons  exist  to  account  for  this:  (I) 
Multi-useful  computer  enhancement  routines  are  not  generally  available;  (2) 
Use  of  computer  enhancements  causes  the  interpreter  to  lose  visibility  of 
and  control  over  what  he  Is  trying  to  do.  These  reasons  have  serious  portent 
for  feature  extraction  and  data  base  construction.  Data  are  manipulated 
by  hand  and  the  best  information  is  not  obtained. 

What  is  needed  Is  a workable  marriage  between  the  computer  and 
interpreter.  The  computer  e.-.cels  at  manipulating  vast  amounts  of  data 
and  the  humati  is  Incomparable  when  it  comes  to  drawing  upon  learning 
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experiences  to  make  decisions.  A cooperative  approach  Is  desired  In  which 
the  human  Is  used  to  make  decisions  and  guide  the  processing  direction  of 
the  software,  and  the  computer  Is  used  to  manipulate  the  data  rapidly  and 
easily  and  to  remove  the  drudge  from  the  human.  This  cooperative  approach 
to  data  base  construction  Is  called  Interactive  feature  extraction,  or 
automated  feature  extraction. 

5.2  Description  of  Pickwick  Data  Bases 

Two  ground  truth  data  bases  have  been  constructed  of  the  topographic 
area  in  the  states  of  Tennessee,  Mississippi,  and  Alabama  for  a twalve  - mile 
square  centered  on  the  northwest  corner  of  the  Power  House  Building  at  the 
Pickwick  Landing  Dam  across  the  Tennessee  River.  One  for  the  model  valida- 
tion tasks  and  one  for  the  reference  scene  generation  task.  Both  data  bases 
were  constructed  from  the  same  source  Imagery  and  both  were  stored  In  digital 
matrices.  The  data  base  for  reference  scenes  was  made  first  and  will  be 
discussed  first. 

5.2.1.  Reference  Scene  Data  Base 

After  specification  of  the  test  site  and  radar  system  parameters, 
source  data  were  acquired  from  which  the  ground  truth  data  base  could  be 
built.  Construction  of  the  data  base  was  separated  Into  two  halves.  The 
first  half  was  acquisition  nf  elevation  data  which  accurately  modeled  the 
relief  present  In  the  topography  of  the  test  site.  The  second  half  was  con- 
struction of  a feature  map  which  accurately  represented  the  geometry  and 
radar  return  (dielectric)  properties  of  the  objects  and  fe.ntures,  natural 
and  man-made,  present  In  the  test  site. 

The  elevation  data  were  provided  by  ETL.  These  data  were  produc  . 
by  DMA  (Defense  Mapping  Agency).  DMA  digitized  20  foot  elevation  contours 
for  each  standard  7 1/2*  USGS  (United  States  Geological  Survey)  quadrangle 
map.  DMA  ran  an  Interpolation  computet  program  on  the  digitized  ele- 
vation contours  and  produced  a digital  elevation  matrix  for  each  map. 

The  Interpolation  program  calculated  an  elevation  value  In  an  orthogonal 
grid  matrix  for  each  6.25m  (20.505  feet)  Increment  In  either  direction 
with  an  approximate  accuracy  estimated  to  be  10  feet.  The  coordinate 
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system  used  for  these  data  was  the  UTM  (Universal  Transverse  Mercator) 

projection  which  was  assumed  orthogonal  over  the  small  area.  These  digital 

elevation  matrices  were  stored  In  a computer-compatible  format  on  digital 

magnetic  tapes,  one  tape  for  each  map.  Portions  of  six  maps  were  required 

to  cover  the  area  Included  In  the  data  base  site.  This  means  that  It  was 

necessary  to  merge  the  elevation  data  from  six  different  magnetic  tapes 

each  having  data  stored  In  an  orthogonal  grid  matrix  and  the  orthogonal 

grid  matrix  of  each  being  slightly  askew  with  respect  to  each  other. 

These  elevation  data  were  merged  Into  one  orthogonal  grid  matrix  In  the 

UTM  coordinate  system.  The  details  of  this  merging  of  the  elevation  data 

1 q 

are  reported  In  Volume  II  *. 

The  feature  map  was  constructed  at  RSL.  It  was  built  by  standard 
feature  extraction  techniques.  Standard  7 l/2‘  USGS  quadrangle  maps 
(1;2k,000  scale)  and  h Igh-resol ut Ion  aerial  photographs  (1:100,000  scale) 
served  as  Input  source  data  for  this  activity.  Using  these  source  data, 
a photo  Interpreter  defined  the  boundaries  outlining  homogeneous  regions 
(homogeneous  at  radar  wavelengths)  and  manually  transferred  these  boundaries 
to  d stable-base  drafting  material.  Meticulous  care  was  exercised  through- 
out construction  of  this  feature  map  to  hold  spatial  resolution  to  approx- 
imately 0.05  Inches  on  the  map  which,  at  l:2l»,000  scale,  corresponds  to 
100  feet  on  the  ground.  This  100  foot  spatial  resolution  corresponds  more 
to  the  geometry  and  location  of  gross  features  (features  which  are  very 
obviously  dissimilar  at  radar  wavelengths)  and  less  to  separation  between 
similar  but  slightly  different  features  (at  radar  wavelengths).  Where  to 
draw  the  line  about  which  features  needed  to  be  expllcity  represented  on 
the  planimetry  map  (previously  called  feature  map)  and  v<hlch  could  be 
grouped  together  In  a larger,  undifferentiated,  region  was  left  to  the 
experience,  knowledge,  and  Intuition  of  the  Interpreter.  The  details 
of  the  feature  extraction  process  and  construction  of  this  planimetry 
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map  are  reported  in  Volume  I i . 

The  next  step  was  to  digitize  the  planimetry  map.  This  was  accom- 
plished on  a large-table  digitizer.  The  boundaries  of  ail  the  homogeneous 
regions  were  digitized  and  these  data  were  stored  on  digital  magnetic  tape. 
Devising  techniques  to  eliminate  redundancy  while  separately  accounting 
for  disparate  regions  was  a major  problem  to  hurdle  while  digitizing  the 
planimetry  map.  After  manual  digitization  of  boundaries  was  completed, 
these  data  were  converted  Into  a three-dimensional  orthognal  grid  matrix: 
Two  dimensions  defined  the  position  of  each  point  on  the  ground  and  the 
third  specified  the  radar  return  category.  A radar  return  category  Is 
specified  in  this  matrix  for  each  6.25m  (20.505  feet)  increment  in  either 
direction.  The  coordinate  system  used  was  the  UTM.  The  resultant  digital 
matrix  was  stored  on  digital  magnetic  tape.  This  digital  planimetry  map 
was  a symbolic  representation  of  the  types  and  locations  of  radar  return 
categories  present  In  the  test  site.  Many  problems  had  to  be  overcome 
In  the  process  of  digitizing  the  planimetry  map  and  constructing  a symbolic 
category  map  stored  on  digital  magnetic  tape.  The  details  of 
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constructing  this  digital  symbolic  map  are  presented  In  Volume  II 

The  final  step  required  to  make  the  ground  truth  data  base  for  the 


Pickwick  Landing  Dam  test  site  was  to  merge  the  digital  matrices  of  ele- 

22 

vation  and  planimetry  data  into  one  four-dimensional  matrix  . This  step 


was  straight-forward  since  the  preliminary  activities  prepared  the  inter- 
mediate products  In  the  right  formats.  The  resultant  data  base  was  stored 
as  a digital  matrix  on  computer -compa t i bl e magnetic  tape.  The  details 
of  this  work  are  reported  in  Volume  II.  The  position,  elevation,  and 
radar  return  category  are  specified  for  each  6,25m  (20.505  feet)  in- 
crement In  either  direction  in  an  orthogonal  grid  matrix  (UTM  coordinate 
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system).  This  Is  so  even  though  the  spatial  resolution  of  the  radar 
return  category  data  is  coarser  than  100  feet.  Several  reasons  exist 
for  the  data  base  to  be  structured  this  way.  First,  the  range  resolu- 
tion of  the  radar  system  being  modeled  was  approximately  106  feet,  but 
it  was  not  known  whether  It  might  be  necessary  at  a later  date  to  In- 
crease the  spatial  resolution  of  the  category  data  to  enhance  the  proba- 
bility of  correlation  with  the  "live"  video.  Second,  It  was  desired  to 
use  this  data  base  for  the  validation  tasks  (Sections  2 and  3)  by  adding 
radar  return  category  detail.  For  these  reasons,  It  was  decided  to  keep  the 
spatial  resolution  of  the  elevation  data  (one  point  specified  every  6.25rn) 
for  the  ground  truth  data  base  of  the  Pickwick  Landing  Dam  test  site.  The 
final  data  base  has  a spatial  backscatter  category  or  approximately  100 
feet  and  an  elevation  resolution  of  approximately  10  feet,  and  was  built 
to  support  the  reference  scene  generation  task  (Section  M. 

Photographs  of  the  data  base  are  presented  in  Figures  27  and  28. 

Figure  27  Is  a photograph  of  the  elevation  data  portion  of  the  Pickwick 
Landing  0am  test  site.  In  this  photograph  relative  elevation  data  have 
been  encoded  to  greyscale  with  black  being  the  lowest  point  In  the  data 
base  and  white  the  highest.  All  other  points  are  an  intermediate  shade 
of  grey.  Sixty-four  (64)  absolute  levels  of  grey  from  black  to  white 
were  present  In  the  data  which  produced  this  photograph  but  not  that 
many  distinguishable  shades  of  grey  survive  the  several  generations  of 
copying  and  printing  the  picture  has  been  through.  However,  the  photograph 
presents  a valid  representation  of  the  relative  variations  of  relief  present 
in  the  data  base  and  attests  to  the  acccracy  of  the  elevation  data  (compare 
it  to  a map).  Figure  28  is  a photograph  of  the  radar  return  category  data 
portion  of  the  data  base.  In  this  photograph,  category  data  have  been 
Symbolically  encoded  Into  greyscale  data.  The  photograph  presents  a symbolic 
representation  of  the  homogeneous  regions  Into  which  the  test  site  was  divided. 
Those  two  sets  of  data  (elevation  and  category)  together  comprise  the  ground 
truth  data  base  of  the  Pickwick  Landing  Dam  test  site  for  reference  scene 
generat Ion. 
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5.2.2  Model  Validation  Data  Base 

The  data  base  prepared  for  the  reference  scene  generation  task 
did  not  contain  sufficient  resolution  to  support  the  validation  tasks. 

The  spatial  backscatter  category  resolution  of  that  data  base  (5.2.1) 
was,  at  best,  100  feet.  One  hundred  foot  resolution  was  too  coarse. 

We  wanted  to  validate  the  model  for  medium  resolution  (60  feet)  for 
both  SLAR  (Side-Looking  Airborne  Radar)  and  PPI  (Plan-Position  Indicator) 
radars.  Thus,  we  decided  to  make  a validation  data  base  by  adding  suf- 
ficient category  detail  to  the  previously  constructed  basic  reference 
scene  generation  data  base,  thereby  Increasing  the  resolution  to,  at 
most,  60  feet.  This  task  was  made  easier  by  the  facts  that  the  basic 
data  base  digital  matrix  consisted  of  a point  for  every  6.25m  (20.505 
feet)  on  the  ground  and  the  elevation  data  were  prepared  from  20  foot 
contours.  These  facts  mean  that  the  basic  data  base  had  sufficient  Im- 
plicit resolution  to  allow  us  to  extract  the  additional  backscatter  cat- 
egory features  from  the  source  Intelligence  data  (Imagery)  and  add  these 
data  to  the  original  data  base. 

The  feature  map  (planimetry  and  categories  within  the  boundaries) 
of  these  additional  backscatter  categories  was  constructed  at  RSL.  It 
was  built  by  standard  feature  extraction  techniques.  The  same  standard 
7 1/2'  uses  quadrangle  maps  (1:214,000  scale)  and  high-resol  ut  Ion  aerial 
photographs  (1:100,000  scale)  used  to  make  the  reference  scene  data  base 
served  as  Input  source  data  for  this  activity.  Using  these  source  data, 
a photo  Interpreter  defined  the  boundaries  outlining  the  additional 
homogeneous  regions  (homogeneous  at  radar  wavelengths)  corresponding  to 
the  desired  spatial  resolution,  and  manually  transferred  these  boundaries 
to  a stable-base  drafting  material.  Meticulous  care  was  exercised  through 
out  construction  of  tnis  feature  map  to  hold  spatial  resolution  to  ap- 
proximately 0.03  Inches  on  the  map  which,  at  1:24,000  scale,  corresponds 
to  60  feet  on  the  ground.  This  60  foot  spatial  resolution  corresponds, 
as  In  the  previous  data  base,  rore  to  the  geometry  and  location  of  gross 
features  (features  which  are  very  obviously  dissimilar  at  radar  wave- 
lengths) and  less  to  separation  between  similar  but  slightly  different 
features  (at  radar  wavelengths).  The  decision  of  what  different 
features  were  to  be  added  to  the  original  map  (previously  called 
feature  map)  was  again,  left  to  the  experience,  knowledge,  and 
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Intuition  of  the  Interpreter.  The  details  of  the  feature  extraction 
process  and  construction  of  this  planimetry  map  are  reported  In  Volume 
II'^. 

The  next  step  was  to  digitize  the  planimetry  map.  This  was  again 
accomplished  on  a large  table  digitizer.  The  boundaries  of  all  the 
new  regions  were  digitized  and  these  data  were  stored  on  digital  magnetic 
tape.  The  final  step  required  to  produce  the  validation  ground  truth  data 
base  was  to  merge  these  additional  backscatter  categories  with  the  re- 
ference scene  data  base  reported  In  Section  (5.2.1)’^.  After  manual  digi- 
tization boundaries  was  completed,  these  data  were  converted  Into  a 
tbrea-'i Imens lonal  orthogonal  grid  matrix!  Two  dimensions  defined  the 
position  of  each  point  on  the  ground  and  the  third  specified  the  radar 
return  category.  A radar  return  category  Is  specified  In  this  matrix  for 
each  6.25m  (20.505  feet)  Increment  In  either  direction.  Even  though  a 
category  Is  specified  In  the  matrix  for  each  6.25m  on  the  ground,  It 
should  be  remembered  that  the  spatial  resolution  of  specification  of 
backscatter  categories  was  designed  to  be,  at  most,  60  feet.  These  data 
were  then  merged  with  the  original  100  foot  data  base  to  make  a new  60 
foot  data  base  for  the  validation  tasks. 

This  task  of  merging  was  very  difficult  because  of  several  compli- 
cating factors.  First,  precise  geometric  registration,  given  the  normal 
drafting  and  hand  digitizing  tolerances,  was  difficult  to  achieve.  Second, 
frequently  the  new  category  data  completely  re-arranged  boundaries  In 
certain  areas.  This  occurred  because,  when  sub-dlvIdlng  a region  according 
to  60  foot  resolution.  Instead  of  100  foot  resolution,  the  entire  category 
organization  was  changed.  This  alteration  of  a 100  foot  data  base  to  a 
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60  foot  data  base  was  not  just  the  simple  task  one  might  imagine  of  ad- 
ding sub-dIvIsions  within  major  divisions.  Third,  because  of  the  additional 
category  complexity  In  the  new  data  base,  many  more  Instances  occurred  of 
a single  boundary  point  separating  three,  and  even  four,  different  cat- 
egories. These  complications,  plus  the  very  large  number  of  data  points 
In  the  data  base,  all  combined  to  ref|ulre  that  much  extra  effort  had  to 
be  devoted  to  the  design  of  the  merge  software. 

The  resultant  data  base  had  a spatial  backscatter  category  resolu- 
tion of,  at  most,  60  feet,  elevation  accuracy  of  approximately  10  feet, 
and  was  built  to  support  the  validation  tasks  performed  under  this  con- 
tract (Sections  2.  and  3.).  It  was  stored  in  a digital  matrix  on  computer 
compatible  magnetic  tape. 
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5. 3 Source  Intelligence  Analysis 


Another  goal  existed  for  construction  of  data  bases  for  this  study: 
Evaluation  of  alternate  Input  data  sources  and  Identifying  construction 
time  and  problems.  To  accomplish  the  first  part,  two  versions  of  a data 
base  were  built.  One  version  was  constructed  using  only  optical  photo- 
graphs and  topographic  maps  for  the  Input  Intelligence  data.  The  other 
using  only  radar  Images  (for  category  boundary  determinations)  and  topo- 
graphic maps.  The  second  part  of  the  goal  (construction  time  and  prob- 
lems) was  accomplished  by  keeping  appropriate  records  and  documenting  the 
problems. 

6. 3* 1 Optical  Intelligence  Data 

High  resolution  aerial  photographs  and  topographic  maps  were  used 
to  construct  a data  base  containing  100  foot  spatial  resolution  of  back- 
scatter  data  of  the  Pickwick  Landing  Dam  site  for  the  reference  scene 
generation  task  (Section  k,).  Construction  of  this  data  base  regulred 
the  following  time; 


'''Feature  Extraction  43  hours 

01 gl tizatlon  23  hours 

''''’'Digital  Matrix  Preparation  288  hours 

'■'''Elevation  Data  Merge  132  hours 

Category  and  Elevation  Data  Merge 6 hours 

Total  Time  492  hours 

'■'Includes  15  hours  preparation  time  and  28  hours  feature 
extraction  time. 

'■''■'Includes  Software  Development  Time 

The  details  of  this  work  and  problems  encountered  have  been  separately 
reported  ^5,  20.  21,  22^ 
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The  quality  of  the  resultant  data  base  Is  best  described  by  the 
results  produced  in  the  task  for  which  It  was  prepared:  Reference  scene 
generation  for  terminal  guidance  applications  (Section  ^.0),  Preliminary 
results  of  the  tests  performed  on  that  task  indicate  that  the  data  base 
and  resultant  simulations  satisfied  or  exceeded  requirements.  Two  addition- 
al comments  can  be  added  to  embellish  the  comments  regarding  the  apparent 
quality  of  the  data  base.  First,  Input  optical  Intelligence  source  data 
seemingly  have  good  quality  geometric  fidelity,  attested  to  by  the  prelim- 
inary results  of  the  Correlatron  tests  (geometric  fidelity  Is  believed  to 
be  Important  for  the  Correlatron)  as  reported  In  Section  k.O.  Second, 
these  source  data  apparently  provide  sufficient  Intelligence  for  a reason- 
ably knowledgeable  photo- Interpreter  to  extract  valid  backscattcr  category 
features,  again  attested  to  by  results. 

5.3.2  Radar  Intelligence  Data 

Radar  Imagery  and  topographic  maps  were  used  to  construct  a data 
base  containing  100  foot  spatial  resolution  of  backscatter  data  of  the 
Pickwick  Landing  Dam  site  for  the  reference  scene  generation  task  (Section 
k).  The  radar  Imagery  were  taken  by  a Goodyear  APD-10  Synthetic  Aperture 
Radar  (see  Section  2.,  for  more  Information).  Construction  of  this  data 
base  required  the  following  time: 


Feature  Extraction 

47  hours 

Digitization 

21  hours 

Digital  Matrix  Preparation 

276  hours 

Elevation  Data  Merge 

132  hours 

Category  and  Elevation  Data  Merge 

6 hours 

Total  Time 

482  hours 

* Includes  Software  Development  Time 

Again,  It  should  be  noted  that  the  radar  Imagery  were  used  to  outline 
boundaries  (feature  extraction)  between  various  radar  backscatter  categories. 
Radar  imagery  were  not  used  as  sources  of  backscatter  data  or  greytones 
to  be  used  In  later  simulation  activities.  The  data  base  has  been  con- 
structed, but  It  has  not  yet  been  tested  by  using  It  for  Input  to  produce 
simulated  reference  scenes  for  testing  on  the  Correlatron.  These  reference 
scenes  will  be  produced  a little  later  and  these  results  can  be  updated  to 


assess  the  quality  of  the  data  base  as  Inferred  by  results  of  the  Correla- 
tron  tests. 


Some  problems  were  encountered  In  making  this  data  base  which  will 
be  discussed  here,  since  they  have  bearing  on  similar  future  activities. 

We  began  the  development  of  this  data  base  with  one  goal  In  mind;  To 
determine  the  feasibility  of  constructing  a data  base  using  only  radar 
Imagery  as  the  source  Intelligence  data.  We  concluded  rather  rapidly 
that,  without  the  aid  of  a digital  computer  for  rectification  of  geometric 


distortions,  this  would  not  produce  a very  accurate  data  base  having  the 


desired  geometric  fidelity.  The  data  base  we  did  construct  used  topographic 
maps  In  addition  to  the  radar  Imagery  as  the  source  Intelligence  data.  It 
Is  this  data  base  we  are  watting  to  test. 

A summary  of  our  brief  study  of  the  geometric  fidelity  of  the  source 
radar  Imagery  follows. 

Several  methods  were  used  to  enlarge  the  radar  Imagery  (from  1:100,000) 
to  the  appropriate  scale  (1:24,000)  so  that  the  planlmetrlc  Information 
could  be  transferred.  The  first  method  consisted  of  constructing  a grid  on 
an  acetate-based  tracing  medium.  A corresponding  grid  was  constructed  on 
the  Imagery  and  used  as  a reference  in  aligning  the  Imagery  and  preventing 
rotation  as  the  Imagery  was  enlarged  on  a transfer  scope.  Although  the  grid 
facilitated  transfer  of  the  planimetry,  the  finished  planlmetrlc  map  clearly 
did  not  register  when  compared  with  a U.S.G.S.  topographic  map  of  the  same 
area.  The  Imagery  was  then  enlarged  photographically  with  a transparency 
being  produced  at  the  same  scale  as  that  of  the  U.S.G.S.  map  (1:24,000). 

Once  more  It  was  clear  that  significant  geometric  distortion  was  present 
In  the  Imagery  which  did  not  allow  even  approximate  registration  with  the 
map. 

We  then  decided  to  measure  the  variations  which  were  found  between 
radar  imagery  and  map.  This  was  accomplished  by  selecting  a number  of 
bench  marks  on  the  map,  the  locations  of  which  could  bo  either  positively 
Identified  (such  as  road  Intersections)  or  Inferred  with  a high  level  of 
confidence  (a  few  meters).  Transects  were  then  drawn  between  the  bench  marks 
on  the  map  and  measured.  Photogrephlc  enlargements  of  the  radar  Imagery 
were  made  at  the  same  scale  as  the  topographic  map,  with  the  four  prints 
needed  to  cover  the  area  being  used  to  construct  a mosaic.  The  geometry 


of  the  mosaic  in  relation  to  that  of  the  original  Image  was  not  subject 
to  distortion  since  the  negatives  used  In  the  printing  were  taken  from 
two  adjacent  image  strips  (APD-10,  Channels  A and  B of  the  same  pass) 
and  were  easily  matched. 

The  distances  along  transects  between  bench  marks  on  the  topographic 
map  were  measured  and  compared  with  those  on  the  enlarged  mosaic.  Table  k 


lists  the  various  distances  and  the  percentage  of  error  represented. 


Bench  Mark 
Number 

Map  Distance 

TABLE  4 . 

Image  Distance 

Error 

Major  Dl rec- 
tlonal  Trend 

1 , PSR  7L  - 
PSR  4L 

17.05 

16.5 

3.2% 

Range 

2.  PK4  - 
L171 

15.6 

15.8 

0 

Azimuth 

3.  S155  - 

mss 

12.7 

12.2 

Diagonal 

4.  PSR  4R 

PSR  2R 

15.3 

15.3 

0 

Azimuth 

5.  PSR  2L  - 
PSR  2R 

6.6 

6.55 

1.32% 

Diagonal 

6.  PK4  - 
T155 

11.7 

11.5 

1.7% 

Diagonal 

7.  PSR  7L  - 
N155 

10. 1 

10.1 

0 

Azimuth 

8.  PSR  7L  - 
PSR  4R 

21.85 

20.6 

5.7% 

Range 

There  are  several  possible  sources  of  error  preventing  use  of  this 
APD-10  Imagery  for  mapping.  The  first  of  these  Is  image  compression  In 
either  the  range  or  azimuth  direction.  The  common  causes  of  such  compres- 
sion In  ground  range  systems  are  layover  In  the  range  direction  and  inexact 
synchronization  between  the  SLAR  recording  equipment  and  the  ground  speed 
of  the  aircraft  In  the  azimuth  direction.  It  has  been  noted^^  that  problems 
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of  foreshortening  and  iayover  become  more  severe  with  increasing  magnitudes 
of  relief.  The  local  relief  in  the  Pickwick  area  averages  100  to  150  feet 
with  some  elevations  north  of  the  lake  reaching  nearly  300  feet  above  lake 
level.  In  examining  the  transects  between  bench  marks,  the  extent  of 
Intervening  relief  was  considered. 

The  first  transect  examined  extends  predominantly  In  the  range 
direction.  Although  both  bench  marks  lie  approximately  30  feet  above 
water  level  and  within  1 foot  of  each  other  In  elevation,  bluffs  up  to 
120  feet  higher  than  the  bench  marks  (150  feet  above  lake  level)  appear 
along  the  entire  length  of  the  transect.  The  error  In  this  case  was 
1.2%,  Conversely,  the  second  transect  lies  predominantly  in  the  azimuth 
direction.  The  elevations  of  the  two  bench  marks  are  within  ^ feet  of 
each  other.  There  are  no  Intervening  topographic  features  and  no  difference 
between  map  distance  and  photo  distance  is  apparent.  The  third  transect, 
lying  in  a diagonal  direction  between  range  and  azimuth,  has  the  second 
highest  error  with  }.9%,  Elevation  differences  of  up  to  60  feet  occur 
along  the  transect.  The  remaining  transects,  with  one  exception,  show 
very  minor  errors  or  no  errors.  In  each  case,  the  bench  marks  are  within 
10  feet  of  each  other  in  elevation  and  usually  extend  directly  across  the 
water.  The  one  exceptional  case  Is  a transect  which  extends  for  the  great- 
est measured  distance,  and  is  in  the  range  direction.  This  transect 
showed  the  highest  error  (5.7^.)  with  26  feet  of  elevation  difference  be- 
tween the  bench  marks. 

Based  upon  the  major  directional  trends  of  the  transects,  elevation 
differences  between  bench  marks,  and  topographic  features  In  the  area.  It 
would  appear  that  the  major  source  of  planimetric  error  In  the  APD-10  imagery 
Is  compression  in  the  range  direction  related,  at  least  in  part,  to  the 
hilly  topography.  Thuji..  I t„_wa.s .■Concluded.  th.at  the  aeometj] c.  f I d£ll.tv....Q.L- 
thls  imagery  wasJnsuff Iclent  to  S-Uttport  mapp.lng  effort5.  and_  thflJlL-JLQjaor. 
grjphl.c..  maps  were  needed  (o_r of  course.  aerlal.j>li.otoaraphs). jto  iLa.tJsf,v. 
data  base  aegCieJLrl-C. -f  Idel  I tv  requirements.  This  means  that  the  greatest 
benefit  of  using  radar  Imagery  to  make  data  bases  would  come  in  the 
feature  extraction  task;  deciding  which  backscatter  categories  to  include 
In  the  data  base. 
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5.3.3  Source  Data  Analysis  Results 


In  general,  we  have  concluded  even  without  completing  the  test, 
that  the  Lest  data  base  would  be  built  using  as  much  Input  source  Intel' 
ligence  data  as  possible.  These  Include  optical  high-resolut Ion  aerial 
photographs,  IR  (Infra-Red)  imagery,  radar  Imagery,  topographic  maps, 
etc.  The  maps  and  aerial  photographs  would  be  used  primarily  for  geo- 
metric fidelity  and  the  IR  and  radar  imagery  would  be  used  primarily 
for  backscatter  category  discrimination.  The  closer  the  resolution, 
frequency,  polarization,  etc.,  Is  of  the  radar  Imagery  to  the  system  being 
simulated,  the  better  the  data  base  In  the  sense  that  Identification  of 
the  right  category  boundaries  would  be  enhanced. 

For  data  bases  constructed  using  either  optical  photography  or  radar 
imagery,  we  concluded  that  the  optical  photography  was  the  better  source 
material  for  the  principle  reason  that  qeomotrlc  distortion  was  minimized. 
Geometric  distortion  In  radar  Images  presents  a real  problem  for  mapping 
which  must  be  treated.  We  also  concluded  that  the  total  time  required 
to  construct  data  bases  was  approximately  the  same,  regardless  of  whether 
optical  or  radar  source  data  were  used. 

5.^  Interactive  Feature  Extraction 
£.4.1  Background 

Manual  techniques  get  the  Job  done,  but  are  not  time  or  cost-effectivc. 
Because  of  this,  they  restrict  the  usefulness  of  rodar  Image  simulation. 

The  Increased  usage  of  radar  Image  simulation  to  solve  present  and  fut'Tc 
problems  is,  therefore,  dependent.  In  part,  upon  automating  the  problems 
of  ground  truth  data  base  construction.  Most  all  of  the  problems  of  ground 
truth  data  base  construction  are  Involved  with  identifying  the  geometric 
and  electromagnetic  (location,  elevation,  orientation,  and  backscatter 
category)  properties  of  the  scene  which  are  to  be  transferred  from  Input 
source  Intelligence  Information  to  the  data  base.  This  process  is  called 
feature  extraction.  Therefore,  the  problem  o?  iutomatlng  the  ground 
truth  data  base  definition  is  really  analogous  to  automating  the  feature 
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extraction  process.  Clearly,  such  a development  would  result  in  a tre- 
mendous Improvement  in  data  base  construction  and  hence  in  radar  image 
simulation. 

Given  the  problem  of  expediting  the  data  base  construction  process  and 

its  background,  solutions  to  this  problem  were  investigated.  As  noted, 

the  data  base  construction  problem  is,  basically,  the  problem  of  feature 

2i» 

extraction.  A definition  of  feature  extraction  given  by  Patrick  Is: 
"Feature  extraction  Is  the  reduction  of  a set  of  measurements  containing 
a relatively  iarg?  amount  of  data  into  a smaller  amount  of  Information 
(features)."  Clearly,  this  Is  the  task  that  lies  at  the  core  of  data 
base  construction,  as  the  initial  set  of  data  (maps,  photographs,  etc.) 
contains  a large  amount  of  data  but  :j  smaller  amount  of  useful  Information 
(categories),  and  the  task  Is  to  define  those  categories  (I.e.,  convert 
the  Initial  data  to  a set  containing  a smaller  amount  of  features). 

Manual  techniques  of  feature  extraction  have  been  used  In  the  past,  but 
all  manual  techniques  suffer  the  same  fault  - they  are  time-consuming 
and  costly.  This  Is  so  because  of  the  very  nature  of  the  techniques; 
they  are  manual,  and  hence  pe-tormed  by  hand,  which  due  to  the  limitation 
of  human  endeavors  naturally  Imposes  a limit  of  how  fast,  accurate,  and  ef- 
fective they  can  be. 

Therefore,  our  only  hope  in  expediting  the  feature  extraction  process 
is  to  automate  it.  The  computer  is  many  orders  of  magnitude  faster  than 
a human  when  It  comes  to  certain  tasks.  For  instance,  the  computer  Is 
very  good  In  manipulating  vast  amounts  of  data  and  "number-crunching"  in  a 
short  period  of  time,  whereas  the  human  is  lot.  The  computer  Is  better 
than  the  human  when  It  comes  to  performing  repetitive  tasks,  statistical 
analysis,  image  enhancements,  and  other  clearly  defined  operations.  If 
the  computer  Is  so  much  better  than  the  human  at  these  things,  then  one 
would  naturally  expect  the  computer  to  completely  take  over  these  tasks. 
Tlius,  the  best  situation  would  seem  to  be  that  the  computer  completely 
automate  the  feature  extraction  process,  making  It  a much  faster,  more 
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cost-effective,  and  less  error-prone  process.  However,  this  solution 
doesn't  work.  Granted,  the  computer  can  perform  many  of  these  feature 
extraction  processes  better  and  faster  than  the  human,  but  it  lacks 
one  thing  - intelligence.  The  computer  Is  not  smart  enough  to  guide  itself 
through  an  image  and  accurately  extract  features.  It  does  not  have  the 
experience,  knowledge,  learning  and  decision-making  capabilities  of  a 
human.  Thus,  a fully  automatic  feature  extraction  system  is  not  feasible  . 

5.^.2  Combining  the  Computer  and  the  Human 

Since  previous  studies  Indicate  that  neither  the  human  nor  the  computer, 
by  themselves,  are  optimal  at  the  task  of  feature  extraction,  an  investiga- 
tion Into  combining  the  human  and  the  computer  Into  a workable  system  was 
undertaken.  This  Investigation  explored  the  concept  of  a marriage  between 
the  computer  and  the  human  in  which  the  human  Is  used  to  make  decisions 
and  guide  the  system,  and  the  computer  is  used  to  manipulate  the  data  and 
handle  other  chores  which  would  otherwise  place  a burden  on  the  human. 

An  attempt  has  been  made  to  tune  such  a system  so  that  the  human  performs 
whatever  functions  he  does  best  and  the  computer  performs  the  functions 
it  can  do  best.  In  this  way,  the  maximum  return  can  be  gained  through  a 
minimum  of  time  and  effort  on  behalf  of  both  the  human  and  the  computer. 

This  cooperative  approach  is  called  Interactive  feature  extraction,  since 
the  human  Interacts  with  the  computer  In  order  to  extract  features,  or 
alternatively  It  Is  called  automated  (not  automatic)  feature  extraction,  In 
that  the  computer  Is  automating  as  much  of  the  feature  extraction  process 
as  possible. 

In  Interactive  feature  extraction,  the  computer  Is  used  to  display, 
enhance,  manipulate,  and  otherwise  aid  the  human  Interpreter  as  he  performs 
his  function.  Viewed  another  way,  the  human  Is  used  to  make  decisions  and 
to  guide  the  computer  In  real-time  as  the  programs  run.  Interaction  can 
be  accomplished  by  giving  the  Interpreter  a few  basic  tools  with  which  to 
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: communicate  his  decisions  to  the  computer;  a keyboard  for  commands  and 

Joystick  for  direct  specification  are  probably  the  minimum  to  be  provided. 
Given  these  capabilities,  the  data  base  can  be  built  directly  as  the 
feature  Information  Is  processed  and  decisions  are  made.  Boundaries 
separating  different  regions  can  be  specified  directly  by  the  Interpreter 
and,  while  the  human  Is  analyzing  the  next  problem  area,  the  computer  can 
build  the  symbolic  data  base  Immediately  and  display  the  results.  Depend- 
ing upon  the  level  of  sophistication  of  the  Interactive  software,  and  the 
computer  and  display  complex,  tremendous  savings  of  resources  and  Improve- 
ments In  efficiency  and  quality  of  the  finished  product  are  visualized. 

Given  an  Interactive  feature  extraction  system,  special  emphasis  could  be 
built  In  to  maximize  the  use  of  the  intelligence  data  normally  available 
from  which  to  define  the  geometry,  dielectric  properties,  and  elevation 
data  required  to  be  Included  In  a data  base  for  radar  Image  simulation. 

A typical  session  using  an  interactive  feature  extraction  system  to 
I build  a data  base  would  probably  look  like  this;  First,  the  input  maps, 

I photO(]raphs , Imagery,  and  other  information  sources  will  be  entered  Into 

I ‘ the  system  by  means  of  seme  analog-to-digi tal  converter.  This  Input  will 

form  the  Initial  data  files.  The  operator  then  will  log  on  to  the  computer 

I, 

i ' and  c.-sll  the  interactive  feature  extraction  system.  Now,  the  operator  will 

I decidn  which  Input  Images  he  wants  to  view  and  transfers  them  to  the  vlew- 

I Ing  screen.  Then.  If  there  are  any  automated  routines  (e.g.,  cluster 

I packages,  gradient  operators,  etc.)  that  he  wants  to  run  on  the  Images,  he 

I will  run  them  and  transfer  the  results  to  the  viewing  screen.  Now  he  is 

ready,  using  the  joystick  or  light  pen  and  the  keyboard  to  transmit  commands 
to  the  system  specifying  which  manipulations  are  to  transform  the  Input 
data  Into  the  data  base  to  start  Interacting  with  the  computer.  While 
the  operator  is  guiding  the  system,  the  computer  Is  performing  the 
manloulatlons  Indicated  and  returning  results  to  the  operator  In  semi- 
real  time.  When  the  operator  Is  finished  creating  the  data  base,  he  saves 
the  final  Image  in  permanent  storage  and  signs  off  the  system,  his  Job 
completed . 

Using  suen  a conceptual  Interactive  feature  extraction  system  as 
functionally  described  above,  the  prccejs  of  deta  base  construction  could 
be  speeded-up  tremendously.  No  longer  does  an  intermediate  hand-drawn  map 


have  to  be  constructed  since  the  Input  data  are  accepted  by  the  computer  as 
Is.  The  manual  digitization  step  is  no  longer  needed,  as  digitization  is 
done  by  the  computer  guided  by  the  interpreter  and  his  light  pen  or  Joystick. 
The  reconstructive  computing  performed  on  the  digitized  data  is  also  elim- 
inated, as  those  steps  are  Integrated  into  the  computer's  1 ine-fol iowing  and 
region-defining  routines.  Thus,  all  that  Is  needed  is  the  system, the  Input 
Intelligence  data,  and  the  operator,  alias  photo/radar/Imagery  Interpreter. 
Interactively,  a large,  complex  data  base  similar  to  the  Pickwick  Dam  data 
base  could  be  built  In  several  multi -hour  sessions  as  opposed  to  several 
months  by  the  manual  construction  method.  Clearly,  this  Is  a tremendous 
savings  in  time  and  effort.  Given  that  obtaining  data  bases  for  radar 
Image  simulation  Is  a worthwhile  effort,  the  proposed  Interactive  feature 
extraction  system  would  be  a very  powerful  tool  to  the  radar  image  simula- 
tion process. 

5.^.3  Use  of  System  In  Data  Base  Update 

Besides  facilitating  feature  extraction  for  data  base  construction, 
an  Interactive  feature  extraction  system  would  prove  to  be  a very  useful 
tool  In  other  areas  of  radar  Image  simulation.  An  area  In  particular  that 
would  be  enhanced  by  the  Introduction  of  such  a system  is  the  periodic 
updating  of  existing  data  bases  to  reflect  changes  In  the  ground  scene. 

Such  updates  are  necessitated  by  changes  In  the  ground  scene  due  to  such 
factors  as  seasonal  variations  (trees,  foliage,  and  crops  changing), 
meteorological  changes  (presence  or  absence  of  snow,  rain,  etc,),  and 
other  events  which  alter  the  ground  scene  aufficiently  to  affect  the  radar 
Image.  In  many  applications  (especially  military  applications),  the 
updating  of  radar  image  data  bases  will  play  a vital  role.  For  instance, 

If  the  radar  image  simulation  Is  being  used  as  a reference  scene  for  a 
terminal  guidance  device,  and  several  hours  before  use  the  target 
scene  is  covered  with  eight  Inches  of  snow,  the  data  base  and  reference 
scene  must  be  updated  to  accurately  reflect  ground  conditions.  In  such 
a situation  where  the  radar  Image  simulation  Is  being  used  to  model  a 
dynamic  environment,  there  must  exist  a fast  method  to  update  the  data 
base.  Once  again,  the  interactive  feature  extraction  system  could  be 
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effectively  used  to  solve  the  problem.  Using  the  system,  an  operator  In 
a short  time  using  updated  Intelligence  could  easily  examine  the  data  base 
and  alter  It  to  match  the  situation  by  merging,  expanding,  or  contracting 
regions,  changing  boundaries,  and  altering  the  categories  or  contents  of 
the  data  base. 


5. A. A General  Specifications 


In  order  to  create  such  an  Interactive  feature  extraction  system  as 
conceptualized  above,  certain  physical  requirements  must  be  fulfilled. 

The  following  minimum  physical  requirements  have  been  Identified.  First 
of  all,  since  this  Is  a computerized  system,  some  hardware  configuration 
(I.B.,  computer)  must  be  at  the  core  of  the  system.  The  basic  require- 
ments In  this  area  are  processing  power,  main  memory,  auxiliary  storage, 

1/0  (Input/Output)  capability  and  supporting  peripheral  devices,  and 
a basic  software  operating  environment.  Included  In  this  area  would  be 
a terminal  by  which  the  operator  could  communicate  with  the  computer. 

Another  physical  requirement  Is  for  some  form  of  display  capability. 

Since  the  system  Is  intimately  Involved  wl.th  Images,  there  must  be  some 
way  to  display  these  Images.  Some  physical  devices  which  would  provide 
a display  capability  Include  television  monitors,  graphic  terminals, 
plotters,  ft Im  recording  and  oscilloscopes.  Associated  with  this  display 
is  a very  important  part  of  the  system:  The  Interactive  link  between  the 
displayed  Image,  the  operator,  and  the  computer.  The  operator  must  have 
some  way  of  extracting  Information  from  Images.  Several  means  to  accomplish 
this  are  a light  pen,  Joystick  and  cursor,  or  a cursor  with  simple  x,  y 
controls  (etch-a-sketch  type  controls).  These  devices  allow  the  operator 
to  access  desired  regions  on  the  Image  and  selectively  extract  features. 

All  of  these  devices  define  the  minimum  physical  configuration  needed  In 
ordrr  to  Implement  an  Interactive  feature  extraction  system.  This  subject 


Is  discussed  In  more  detail  elsewhere. 
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5.^.5  Rationale  For  Interactive  Data  Base  Construction 


The  single  most  persuasive  factor  In  the  selection  of  the  feature 
extraction  system  was  the  need  for  Interactive  capability.  Manual  techni- 
ques were  Investigated  and  found  to  be  time-consuming  and  cost-ineffec- 
tive. Fully  automatic  techniques  were  Investigated  and  found  to  be  non- 
existent. for  the  most  part.  Although  some  automatic  techniques  do  exist, 
they  are  useful  only  In  very  specific  applications  and  work  only  with 
certain  types  of  carefully  chosen  data.  Thus,  the  human  operator  and  the 
computer  have  to  work  together  In  some  fashion  In  order  to  form  a workable 
system. 

The  Ideal  system  would  be  to  have  the  computer  doing  all  of  the  work, 

with  the  human  Inside  the  loop  providing  guidance.  In  any  such  man- 

machine  system,  how  well  the  system  works  Is  dependent  upon  the  ease  of 

Interaction  between  the  computer  and  the  operator. 

This  area  has  been  looked  Into  with  special  emphasis  on  applications 

of  Interactive  processing  to  radar  Image  simulation.  Results  of  that 
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Investigation  are  reported  elsewhere  The  end  result  of  that  Investiga- 
tion was  to  recommend  the  Interactive  approach  to  radar  simulation  as  the 
most  promising  general  solution  to  the  problems  associated  with  radar  Image 
simulation,  Including  the  data  base  construction  and  updating  process. 

Another  area  of  study  Impacting  on  the  development  of  a feature  extrac- 
tion system  Is  a study  of  techniques  used  in  analyzing  and  Interpreting 
Images,  Since  the  purpose  of  this  feature  extraction  system  Is  to  facili- 
tate this  process.  It  makes  sense  to  study  In  detail  the  process  that  the 

system  will  be  attempting  to  perform.  A study  on  Image  Interpretation 
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techniques  has  been  undertaken  and  Is  reported  In  detail  elsewhere 
Current  Image  analysis  and  Interpretation  techniques  are  studied,  with 
emphasis  on  both  the  tried-and-true  manual  techniques  and  some  of  the 
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newer  automated  and  Interactive  techniques.  Some  of  the  manual  techniques 
previously  used  on  this  project  are  reported  In  [26],  Also  discussed  In 
[27] ere  some  of  the  ways  that  the  proposed  Interactive  feature  extraction 
system  could  be  used  In  Interpreting  Images,  both  by  automating  older 
methods  and  by  creating  new  feature  extraction  methods  specifically 
designed  for  the  system. 

The  two  salient  features  of  the  proposed  system  are,  (1)  the  Intro- 
duction of  the  human  and  hts  subsequent  Interaction  with  the  system  and 
(2)  the  use  of  the  computer  to  automate  the  feature  extraction  process. 

As  mentioned  before,  a fully  general  automatic  feature  extraction  system 
does  not  exist,  but  that  of  course  does  not  mean  that  certain  automated 
techniques  do  not  exist.  In  fact,  many  useful  automated  techniques  do 

exist.  A brief  survey  of  automated  feature  extraction  techniques  has 
2 5 

been  made  . One  of  the  favorable  points  about  the  feature  extraction 
system  Is  that  It  will  bring  together  many  of  these  routines  and  spark 
Interest  In  the  creation  of  more  automated  feature  extraction  techniques. 

The  operator  will  then  have  at  hl$  Immediate  disposal  the  use  of  all  these 
routines  to  assist  him  In  extracting  Information. 

Implicit  In  all  this  discussion  about  feature  extraction  Is  that 
there  Is  an  Image  (or  Images)  which  has  features  to  be  extracted.  In 
fact,  the  entire  feature  extraction  system  Is  really  Just  a specialized 
Image  handling  system.  As  such,  the  system  must  deal  with  many  different 
problems  which  are  connected  to  Image  handling  and  processing.  The  major 
areas  of  conc-rn  are  the  storage  and  retrieval  of  Images,  transfer  time  to 
and  from  auxiliary  storage,  main  memory  and  display  devices,  management 
of  Images,  and  manipulation  of  Images.  All  these  areas  Involve  some 
special  problem  or  problems  peculiar  to  Image  handling  and  processing 
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that  need  to  be  addressed  In  the  design  of  any  Image  handling  system. 
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5.^.6  An  Interactive  Feature  Extraction  System!  A Design  Concept 


The  concept  of  an  interactive  automated  feature  extraction  system  has 
been  Investigated,  and  some  of  Its  possible  uses  In  the  radar  Image  simula- 
tion area  explored.  Having  studied  the  problems  to  be  tackled  and  the 
utility  of  such  a system,  It  has  been  decided  that  an  Interactive  feature 
extraction  system  Is  a valid  effort  towards  solving  some  of  the  problems 
of  radar  Image  simulation.  Initial  design  considerations  have  been  studied, 
and  that  work  Is  reported  below.  It  should  be  noted  here  that  this  design 
concept  Is  only  a first  attempt  using  very  limited  hardware.  The  main  pur- 
pose of  this  effort  Is  to  design  a base  skeletal  system  limited  to  the 
hardware  available,  and  then  to  see  If  the  concept  Is  valid  enough  to 
implement  a full-scale  version. 

Here  at  the  RSL,  the  following  computer  hardware  and  software  Is 
available  for  use  In  the  Implementation  of  the  Interactive  feature  extrac- 
tion system.  The  heart  of  the  system  will  be  a Digital  Equipment  Corp. 
PDP-15  model  Z0_.  The  POP-15  Is  an  l8-blt  minicomputer  with  32K  of  memory. 

It  has  a card  reader,  paper  tape  reader  and  punch,  two  printers,  two  CRT's, 
one  TTY,  four  DEC-tape  drives,  and  two  removable  pack  disk  drives.  It  Is 
Interfaced  to  an  IBM  709^  to  provide  regular  magnetic  tape  drive  capabili- 
ties. The  PDP-15  Is  also  Interfaced  to  a hybrid  system,  the  Image  Dis- 
crimination Enhancement  Combination  System,  or  IDECS.  The  lOECS  Is  used 


basically  as  an  Image  transfer  and  display  device,  although  It  has  other 
capabilities.^®  A high-resolutlon  monitor  IK  x IK  pixels)  will  be 


used  as  the  main  display  device,  with  an  analog  memory  refreshing  the 


monitor. 


The  Interactive  feature  extraction  system  Is  designed  to  be  run  as 
a single-user  sub-system  under  DOS,  the  disk  operating  system  on  the  PDP- 


' Anderson,  P.  N. , et  al.,  "Image  Processing  with  a Hybrid  System!  The 
IDECS,"  The  Bulletin  of  Engineering  No.  Hk , University  of  Kansas 
Publications,  Lawrence,  Kansas,  1972. 
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15.  Thus,  the  feature  extraction  software  is  one  level  removed  from  the  j 

hardware.  This  fact  does  not  really  restrict  the  system,  but  allows  It 

to  use  already  existing  code  in  the  operating  system.  Future  Implements-  I 

tions  may  choose  to  design  the  system  to  run  as  a stand-alone  system  not  i 

using  the  vendor-supplied  operating  system  for  reasons  of  efficiency  and  | 

speed,  but  at  this  level  of  Implementation,  efficiency  is  not  as  Important  i 

as  the  extra  work  Involved.  It  Is  also  possible  to  design  the  system 
to  operate  In  a multiple-user,  or  time-shared,  mode,  but  again  the  utility 
gained  Is  not  worth  the  extra  work.  Besides  the  basic  extra  work  It  would 
take  to  design  the  system  In  these  other  ways,  there  are  hardware  constraints, 
such  as  available  memory,  which  Influenced  the  decision  to  make  the  system 
a single-user  sub-system. 

The  basic  Input  to  the  system  will  be  Images  In  the  form  of  maps, 
negatives,  pictures,  etc.  Of  course,  these  are  not  In  a form  usable  by 
the  computer.  Thus,  the  system  will  have  an  analog  to  digital  converter 
which  will  convert  these  Inputs  to  a digital  form.  These  Inputs  will  then 
be  stored  In  the  file  system,  which  will  be  on  disk.  Also,  the  data  base 
and  other  outputs  will  go  back  Into  the  file  system.  See  Figure  29  Toi'  a 
schematic  block  diagram. 

As  mentioned  before,  one  of  the  two  salient  features  of  the  system  Is 
Its  use  of  automated  routines.  The  automated  feature  extraction  routines 
have,  for  the  most  part,  been  left  vacant  to  be  added  on  to  the  system 
at  a later  date.  In  this  way,  emphasis  on  the  types  of  automated  routines 
Is  deferred  until  the  need  for  them  actually  arises. 

The  other  salient  feature  of  the  system  Is  Its  Interaction  with  the 
operator.  This  Interaction  Is  really  the  crux  of  the  system,  since  the 
computer  and  the  operator  need  to  Interact  very  closely.  To  accomodate 
this  Interaction,  a command  language  has  been  developed  by  which  the 
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operator  can  communicate  his  wishes  to  the  system  easily.  This  language, 
or  menu,  of  Interactive  commands  was  designed  with  the  emphasis  on  the 
user's  ease  of  operation.  Another  interaction  that  occurs  Is  communica- 
tion between  the  operator  and  the  computer  regarding  the  location  of 
points  within  an  Image.  This  Interaction  would  Ideally  take  place  by 
means  of  some  semi-hardware  Implemented  tool  like  a Joystick  and  cursor. 
Such  a device  would  provide  a very  fast  and  effective  way  to  direct  the 
extraction  of  features  from  Imagery.  However,  for  this  design,  at  least 
Initially,  there  does  not  exist  any  such  hardware,  so  Instead  there  will 
be  a cursor  (or  bouncing  ball  or  framer)  which  will  be  completely  soft- 
ware controlled.  That  Is,  in  the  command  language  will  be  commands 
which  will  manipulate  the  cursor  and  move  It  around.  We  realize  that 
this  will  Impose  severe  restrictions  on  the  utility  of  such  a system, 
but  there  Is  no  other  choice  available  at  this  time. 

5.4.7  Conclusions  and  Recommendations 


When  this  Initial  design  Is  Implemented,  It  will  provide  the  bare 
minimum  of  capabilities  needed  to  support  an  Interactive  feature  extrac- 
tion system,  Even  though  It  may  be  a slow  and  clumsy  system  at  first, 
the  concept  of  Interactive  feature  extraction  will  be  validated  by  using 
the  system  to  create  a data  base  of, for  Instance,  the  Pickwick  Dam  site. 
This  data  base  will  then  be  compared  to  the  old  data  base  which  was  created 
using  only  manual  techniques.  This  analysis  will  determine  If  the  quality 
of  the  data  base  created  by  using  the  Interactive  feature  extraction  system 
Is  comparable  or  even  superior  to  that  of  the  manually  created  data  base. 
Also,  the  time  and  effort  spent  will  be  compared  against  that  used  In  the 
construction  of  the  manually  created  data  base.  Thus,  there  will  be  two 
criteria  for  determining  the  utility  of  the  system:  (1)  quality  of 
finished  product}  and  (2)  time,  effort,  and  money  spent  In  the  creation 
of  the  final  data  base. 

After  this  initial  validation  of  the  system,  attempts  will  be  made  to 
upgrade  the  system.  One  area  of  improvement  will  be  the  addition  of 


1 

k 


I 

[ 


i?' 


functional  routines.  Improvement  In  the  system-level  software  will 
be  minimal,  as  the  skeletal  design  should  be  complete.  Hardware  up- 
grading is  the  area  where  the  most  work  needs  to  be  done.  First 
on  the  list  Is  the  need  for  a better  Interactive  tool.  A hardware  Imple- 
mented cursor  or  some  other  display  cursor  would  result  In  Immediate 
upgrading  of  the  system,  as  the  present  software  simulated  cursor  Is 
Just  a stopgap  measure.  Present  Indications  are  that  much  of  the  opera- 
tor's time  will  be  spent  positioning  the  cursor  to  various  features  on 
the  display  screen.  The  present  method  will  be  slow  and  not  as  dynamic 
as  It  should  be.  Another  area  of  system  upgrading  will  be  providing 
better  display  capability  and  faster  transfer  times.  It  Is  anticipated 
that  transfer  times  to  the  display  and  back  will  be  slow,  thus  bottle- 
necking the  system.  Another  area  of  Improvement  is  dependent  upon  the 
usage  of  the  system,  If  the  system  Is  heavily  used  and  many  flies 
(Images)  are  created,  disk  storage  must  be  Improved  (such  as  magnetic 
tape  storage  Instead  of  disk)  or  additional  disk  pocks  and  drives  must 
be  added  on  to  the  system. 

An  alternative  to  upgrading  the  system  might  be  to  move  the  whole  | | 

system  to  a new  hardware  configuration  or  a different  operating  environ- 
ment. A multi-user  operating  system,  RSX,  Is  currently  being  tested  on 
the  PDP-15.  One  possible  change  to  the  system  might  be  to  change  it  to 
operate  In  RSX,  thus  allowing  other  users  access  to  the  PDP-15  at  the  same 
time  that  the  system  Is  running.  In  case  of  movement  to  a new  hardware 
configuration,  the  changeover  will  be  made  easier  because  of  the  modular, 
subsystem  structure  of  the  system.  Also,  most  of  the  software  will  be 
written  In  ANSI  FORTRAN,  which  is  easily  transportable  between  machines. 
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6.0  Conclusions 

The  point  scattering  radar  Image  simulation  model  and  Its  software 
Implementations  have  been  verified  In  the  work  reported  In  this  document. 

The  model  rigorously  treats  as  a closed  system  the  properties  of  the 
radar  system  being  modeled,  ground  scene,  and  Image  medium.  It  mathe- 
matically expresses  the  relationships  and  Interrelationships  between  these 
various  aspects  of  the  closed  system.  Implicit  In  this  model  are  all  the 
normal  radar  effects  such  as  layover,  shadow,  range  compression,  etc. 

These  and  similar  effects  depend  entirely  upon  the  software  Implementation 
for  accurate  realization.  As  the  validation  results  show,  the  model.  Its 
software  Implementation,  the  ground  truth  data  bases  and  feature  extraction 
techniques,  and  the  use  of  empirical  o”  data  to  model  the  radar  return  from 
the  ground,  have  seen  the  science  of  radar  Image  simulation  make  the  tran- 
sition with  this  work  from  an  interesting  research  problem  to  an  engi- 
neering tool  available  for  many  different  applications.  The  opportunity 
should  not  be  lost  to  extend  the  results  obtained  here  by  applying  cur  radar 
simulation  model  to  solve  present  and  future  problems  as  they  occur.  Al- 
though the  results  obtained  In  this  work  have  been  superior  to  early  ex- 
pectations (It  was  not  at  first  thought  that  this  much  work  could  be  ac- 
complished In  the  contract  period)  some  qualifications  of  those  results 
need  to  be  discussed.  These  discussions  are  listed  In  the  following  sections, 

6.1  Reference  Scene  Generation 


The  results  reported  for  this  task  are  preliminary  results.  Tests 
have  not  been  completed.  Even  though  preliminary  Indications  are  that  the 
reference  scenes  produced  by  our  radar  simulation  model  meet  or  exceed  the 
criteria  for  degree  of  correlation,  location  of  the  correlation  peak,  and 
repeatability,  remember  that  these  results  have  been  produced  by  refer- 
ence scenes  formed  from  one  altitude  of  one  data  base  of  one  test  site, 
and  the  simulation  model  was  structured  to  represent  one  PPI  (PI an-Pos I t Ion 
Indicator)  radar  and  Correlatron  system. 
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One  set  of  test  conditions  like  this  does  not  represent  exhaustive 
testing,  although,  the  preliminary  results  warrant  much  more  enthusiasm 
than  a single  set  of  test  conditions  normally  might.  This  Is  so  because 
even  though  we  produced  reference  scenes  for  essentinlly  one  set  of  test 
conditions  (five  different  scenes  having  different  resolutions  were,  however, 
produced),  there  were  man/  sets  of  "live"  PPI  data  available  from  many 
different  approaches  for  this  one  site.  Thus,  our  reference  scenes  were 
tested  against  many  different  radar/ground  scene  systems.  This  know- 
ledge considerably  strengthens  our  acceptance  of  the  results. 

6.2.  SLAR  and  PPI  Validations 


The  results  reported  for  these  tasks  were  subjective  comparisons  of 
our  simulated  radar  Images  to  real  Images  of  the  same  site.  Just  as  do 
all  subjective  evaluations,  they  appeal  to  the  viewer’s  Interests,  ex- 
perience, training,  and  Intuition  for  acceptance. 

Two  swaths  having  different  look  directions,  taken  from  one  data 
base,  were  simulated  for  hypothetical  medium  resolution  (n-60  foqt  reso- 
lution) radars  having  Ideal  operating  characteristics.  Thesn  simulations 
were  then  compared  to  real  Imagery  of  the  same  swaths  having  the  same  look 
directions  but  having  10x15  foot  resolution.  The  comparisons  look  good, 
but,  on  their  own  merit,  the  validations  are  weak.  One  data  base  site  for 
simulation  and  one  set  of  comparison  Imagery  from  one  high  resolution  radar 
do  not  represent  exhaustive  tests. 

These  results  together  with  the  reference  scene  results  represent  a 
much  stronger  validation  of  our  model  and  simulation  technique.  The  ref- 
erence scene  test  was  a quantitative  validation  of  our  model.  It  con- 
sisted of  measuring  the  degree  of  cross  correlation  between  our  radar 
Image  simulations  and  "live"  PPI  data  of  the  same  site.  The  preliminary 
test  results  of  this  task  Indicate  repeatable  performance  that  meets  or 
exceeds  the  test  criteria  which  can  be  Interpreted  as  quantitative  val- 
idation that  our  radar  Image  simulations  are  very  much  like  real  images 
of  the  same  site.  Thus,  this  quantitative  validation  substantiates  the 
more  subjective  comparisons  appealed  to  for  SLAR  and  PPI  validations. 
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6.3  Data  Bases 


The  results  obtained  In  the  work  performed  under  this  contract 
argue  more  eloquently  than  any  i.ther  debate  for  the  quality  of  data 
bases  produced.  However,  it  should  be  noted  that  the  construction 
techniques  used  are  not  the  only  valid  methods  of  feature  extraction. 
Equally  good,  or  better,  or  worse,  data  bases  might  have  been  produced 
by  utilization  of  different  techniques.  We  selected  our  techniques. 

They  served  us  well.  We  reported  our  methods  and  results. 

6.4  Optimal  Choice  of  Source  intelligence  ^ r Daca  Base  Construction 

Even  though  all  results  reported  here  were  simulations  formed  from 
data  bases  constructed  using  optical  photography  and  mapr  for  source  data, 
it  Is  Inferred  from  our  work  that  superior  results  cpuld  be  achieved  using 
many  different  kinds  of  source  Imagery.  Some  examples  of  these  kinds  of 
source  Imagery  might  be  high-resolutlon  aerial  photogruphs,  maps,  radar 
images,  Infra-red  Images,  etc.  These  source  imagery  would  be  used  In  the 
feature  extraction  task  to  Identify  boundary  locations  separatlnci  dif- 
ferent microwave  backscatter  categories. 

6.5  Interactive  Feature  Extraction 


Although  the  results  obtained  in  this  work  have  been  shown  to  be 
outstanding,  they  might  have  been  produced  in  a more  cost  effective  manner. 
One  approach  to  accomplishing  this  goal,  we  propose.  Is  Interactive 
Fealuie  extraction.;  an  optimal  combination  of  photo- i nterpreter  and  com- 
puter for  data  base  construction.  As  we  believe  our  radar  simulation 
model  has  opened  the  door  for  many  future  applications  of  radar  simulation, 
so  do  we  believe  that  interactive  feature  extr.iction  Is  a necessary  and 
viable  part  of  that  future. 

Whether  Implemented  as  a complete  Interactive  feature  extraction 
(photo- I nterpreter)  station  or  as  a much  smaller  first  step.  If  radar 
Image  simulation  Is  to  be  a part  of  the  future.  Interactive  feature 
extraction  Is  essential.  Work  must  be  started  without  delay  on  this 
thaumaturglcal  system. 
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6.6  Bcickscatter  Data 


For  all  the  radar  simulations  we  have  produced,  we  have  used 
empi r leal  backscatter  data  (o*)  or  theoretical  scatterinp  studies  to 
model  the  radar  return  from  terrain.  We  have  not  used  radar  Imaqery  of 
any  site  as  a source  for  either  o*  or  greytone  data.  These  data  have 
been  exclusively  taken  from  both  RSL's  empirical  o”  data  bank  and  the 
literature.  Our  choice  for  o*  data  for  any  category  In  any  simulated 
radar  Image,  can  be  questioned.  If  It  Is,  we  can  probably  offer  3 or  A 
more  data  sets  which  might  have  been  used  In  lieu  of  the  questioned 
set.  For  Instance,  If  It  had  been  possible  to  collect  extensive  ground 
truth  data  In  the  Pickwick  vicinity,  we  might  have  found  a particular 
level  of  moisture  content  suitable  for  certain  types  of  vegetation.  This 
knowledge  would  have  been  factored  Into  the  choice  of  o'  data  which  Is 
stratified  by  frequency,  polarization,  season,  moisture  content,  etc, 

As  Is  normally  the  case  with  hindsight,  It  Is  possible  to  criticize 
the  relative  greytones  on  a f leld-by-f leld  basis, 

6.7  Related  Areas  of  Application 

The  Point  Scattering  Model  (PSh)  for  radar  Image  simulation  and  the 
Implementations  presented  (SLAR,  PPI,  etc.)  are  by  no  means  limited  to  the 
apnllcatlcn  of  terminal  guidance  described  herein.  In  fact,  the  PSM  Is 
general  and  Its  Implementation  can  be  re-structured  at  any  stage  ,0  ac- 
count for  system  or  terrain  changes. 

As  an  example  of  alternate  employmetit  of  the  PSM,  consider  the  In- 
vestigation of  temporal  changes  on  a target  terrain  scene.  In  particular, 
thi’  seasonal  change',  and  corresponding  effects  on  backscatter  response. 

The  proposed  alteration  of  the  scene  could  affect  correlation  of  a ref- 
erencv  scene  and  actual  Imagery. 

Radar  system  studies  ate  greatly  facilitated  with  the  PSM  because 
it  Is  possible  to  predict  through  the  visual  results  of  simulation  an 
optimum  set  of  system  paiameters  (e.g.,  frequency,  polarization,  re- 
solution) for  an  imaging  radar  system  which  will  produce  imagery  with  a 
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maximum  Information  content.  The  type  of  information  desired  would  be 
determined  by  the  military  application  of  the  imagery.  Not  only  is  it 
possible  to  experiment  with  frequency,  polarization,  etc.,  but  also  the 
transfer  function  of  the  radar  receiver  may  be  experimentally  adjusted 
to  observe  the  effects  on  imagery  which  may  be,  for  Instance,  an  enhance- 
ment of  certain  topographic  features. 

The  degradations  in  radar  Imagery  caused  by  aircraft  Instabilities 
may  be  observed  through  affects  in  simulated  Imagery  by  Implementing 
yaw,  pitch  and  roll  errors  Into  the  flight  parameters.  Also,  erratic, 
altitude  changes  (with  respect  to  mean  sea  level)  can  be  easily  programmed. 
This  type  of  sensitivity  study  could  show  how  much  instability  can  be 
withstood  with  only  tolerable  adverse  effects  on  the  information  content 
of  imagery. 

It  has  been  attempted  to  clarify  that  SLAR  does  not  Imply  a real 
aperture  radar  In  the  context  of  this  report  because  with  the  current 
capabilities,  we  believe  we  can  extend  the  PSM  to  account  for  Doppler 
processing,  and  therefore  Improve  azimuth  resolution  by  building  the 
synthetic  array.  SAR  studies  will  certainly  be  widely  used  for  many  mil- 
itary applications,  and  It  may  be  advantageous  to  be  able  to  simulate  the 
corresponding  image  products  for  system  design,  terrain  analysis  studies 
and  guidance. 

Numerous  related,  additional  areas  of  application  exist  for  the 
knowledge  that  has  been  gained  in  performing  the  research  leading  to  the 
results  reported  in  this  document.  No  attempt  is  being  made  here  to  gen- 
erate a complete  list  of  potential  applications.  Rather,  we  would  like  to 
expand  the  major  conclusion  that  our  radar  image,  simulation  model  has  been 
validated  and  is  available  for  application  to  many  different  present  and 
future  problems. 
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7.0  RECOMMENDATIONS 


The  purpose  of  this  section  is  to  present  briefly  a set  of  recommen- 
dations which  represent  our  thoughts  on  possible  future  courses  of 
action.  We  firmly  belelve  that  the  successful  validation  of  the  point 
scattering  method  (PSM)  of  radar  Image  simulation  Is  the  state  of  the  art 
In  radar  Image  simulation,  at  least  fur  distributed  targets  for  medium 
to  large  resolution  Imaging  radars  (We  will  have  more  to  say  about  "fine" 
resolution  systems  later.).  The  point  scattering  method  completely 
and  exactly  accounts  for  the  transmitting/receiving  system,  the  target/ 
sensor  interaction  and  the  display  medium.  Nonetheless  much  work 
remains  In  merely  making  the  Implementation  "operational."  Furthermore, 
logical  extensions  of  the  point  scattering  method,  alternate  approaches 
for  cultural  or  hard  targets  and  certain  related  activities,  should  be 
pursued  In  order  to  bring  the  full  weight  and  Impact  of  radar  Imaging 
simulation  to  bear  on  the  problems  of  the  defense  community. 

This  section  will  attempt  to  look  ahead  four  or  five  years  out- 
lining the  needed  studies  and  activities  that  are  required  to  fully 
develop  the  potential  of  radar  Image  simulation.  Within  this  frame- 
work, a set  of  near  term  goals  will  then  be  outlined.  It  Is  of 
particular  importance  to  note  that  potential  applications  of  radar 
Image  simulation  have  barely  been  tapped.  While  reconnal sance  systems 
(direct  use  of  simulation  for  reference),  system  synthesis,  and  analysis 
(little  used  up  to  now^  are  obvious  applications,  there  are  a host  of 
other  applications  that  are  waiting;  for  example,  change  detection,  and 
prediction  of  terrain  conditions  are  just  two  tiiat  come  readily  to  mind. 
Now  that  imaging  radar  can  be  simulated  to  within  the  same  fidelity 
as  that  obtained  by  real  systems,  the  studies  suggested  below  can  Indeed 
make  radar  Image  simulation  a very  valuable  mechanism  for  the  solution 
of  many  problems. 

7. 1 Long  Range  Goals 

The  point  scattering  method  has  been  shown  to  be  a successful  tool 
for  producing  simulated  radar  Imagery.  A specific  example  (a  terminal 
guidance  system)  was  modeled  by  specializing  the  general  FSM  model  with 
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great  success.  The  specialization  was  seen  to  be  mandatory  both  i^rom 
a technical  as  well  as  a cost  effective  point  of  view.  However,  In 
the  study  It  was  Impossible  to  model  exactly  the  system  since  very 
little  Information  was  provided.  While  this  Improves  the  confidence 
In  the  general  model,  better  results  are  possible  with  more  specifi- 
cation. Hence  an  Important  goal  Is  tc  specify  and  simulate  completely 
a system  for  a given  application  where  both  analysis  and  synthesis 
(the  ultimate  use  of  any  simulation)  can  be  fruitfully  employed  In  the 
design,  development  and  deployment  of  a reconnalsance  system  be  It 

for  guidance,  MGI  (Military  Geographic  Information),  etc. 

Perhaps  the  single  major  obstacle  to  operational  use  of  radar 

Image  slm>ilatlon  Is  In  the  area  of  data  base  construction,  namely  the 
feature  extraction  problem.  No  matter  what  the  nature  of  the  source 
material,  the  present  approaches,  manual  (an  almost  prohibitive 
rest rl ct Ion  I n an  operatl onal  sense)  or  automatic  (computerized  pattern 
recogni tion),  are  not  suitable.  We  suggest  that  an  Interactive  feature 
extraction  approach  be  one  of  the  principle  long  range  goals. 

Many  other  problem  areas  were  exposed  during  past  efforts  of  many 
researchers  which  must  be  addressed,  ranging  from  sensitivity  analyses 
through  data  base  compression  techniques  through  alternate  methods  of 
simulatim  cultural  targets.  These  are  discussed  either  In  the  frame- 
work of  the  long  term  goals  In  the  subsection  or  in  7>2,  the  Immediate 
goals, 

7.1.1  Operational  Implementation  for  Image  Simulation 

An  obvious  long  range  goal  Is  to  achieve  the  necessary  transfer  of 
technology  to  utilize  radar  Image  simulation  In  an  operational  system 
for  a specific  mission.  To  this  end  the  Implementation  must  be  cost 
effective,  systems  spec  I f Ic,  and  compatl ble  with  all  mission  requirements. 
To  this  end  we  recommend  that  the  general  concepts  of  state  of  the 
art  Image  s I mu lat Ion  I ncorporat Ing  results  of  related  studies  discussed 
below  be  developed  for  several  specific  applications.  Doing  this  will 
document  the  value  of  radar  Image  simulation  and  will  Increase  the  demand 
for  solut Ion  of  the  prob'ems  presented  In  this  section.  In  this  way,  the 
use  of  radar  Image  simulation  can  be  accelerated  and  exploited  to  the 
fullest  extent  possible. 
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7.1.2  Interactive  Feature  Extraction 

As  Indicated  above,  the  chief  problem  apparent  at  almost  every 

stage  of  radar  Image  simulation  Is  In  feature  extractl'on  • Identifying 

the  geometry  and  category  (I.e.,  electromagnetic  reflectance)  properties 

of  the  scene  and  transferring  them  to  the  data  base.  Classical  techniques 
for  feature  extraction  are  manual  techniques.  Typically,  a photo 

Interpreter  scans  the  Intelligence  data  and  draws  upon  his  Interpre- 
tation experience  to  decide  what  Information  to  transfer  manually  to 
the  data  base  under  construction.  These  decisions  are  made  with  as  few 
digital  computer  Image  enhancement  techniques  as  possible.  This  reti- 
cence to  use  available  enhancement  routines  Is  caused.  In  part,  by  the 
very  nature  of  the  automatic  routines.  They  are  not  generally  applicable 
to  any  but  specific,  well-structured,  test  cases.  In  addition,  use 
of  these  techniques  requires  that  the  Interpreter  also  be  a computer 
expert.  Moreover,  the  Interpreter  loses  control  and  visibility  of  what 
he  Is  try!  ig  to  accomplish  when  he  enters  the  computer  world  of  automa- 
tic land-use  classification,  or  pattern  recognition,  or  region  defi- 
nition, or  ad  Infinitum.  These  reasons  have  serious  ramifications  for 
feature  extraction  and,  consequently,  data  base  construction;  they  cost 
money.  They  cost  money  In  the  sense  that  It  takes  a much  longer  time  to 
extract  the  features  for  a data  base  the*’  might  otherwise  be  necesrary; 
data  are  manipulated  by  hand  and  the  best  Information  may  not  be 
obta I ned. 

Clearly,  a tremendous  Improvement  of  the  product  developed, 
resources  expended,  and  time  required  could  be  obtained  If  a workable 
marriage  between  computer  and  Interpreter  could  be  arranged.’  The  computer 
Is  very  good  at  manipulating  vast  amounts  of  data  In  short  periods  of 
time;  the  human  Is  not.  The  human  Is  beyond  comparison  when  It  comes 
to  drawing  upon  learning  experience  to  make  decisions.  The  computer 
excels  at  clearly  defined  repetitive  tasks,  at  statistical  analyses, 
at  Image  enhancements.  A cooperative  approach  In  which  the  human  Is 
used  to  make  decisions  and  guide  the  processing  direction  of  the  soft- 
ware, and  the  computer  Is  used  to  manipulate  the  data  rapidly  and  easily 
and  to  remove  the  drudge  from  the  human  would  be  optimal-  optimal  In  the 
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sense  of  maximizing  the  return  for  resources  expended  and  minimizing 
the  time  and  effort.  This  cooperative  approach  is  called  Interactive 
feature  extraction,  or  automated  feature  extraction  (not  automatic 
feature  extraction  since  this  Is  Impossible  with  the  state  of  the  art 
available  today). 

The  concept  of  Interactive  feature  extraction  uses  the  human  for 
his  specific  strengths  and  the  computer  for  Its  specific  strengths. 

In  interactive  feature  extraction,  the  computer  is  used  to  display, 
enhance,  manipulate,  and  otherwise  aid  the  human  Interpreter  as  he 
performs  his  function.  Viewed  another  way,  the  human  Is  used  to  make 
decisions  and  to  guide  the  computer  In  real'tlme  as  the  programs  run. 
Interaction  can  be  accomplished  by  givihg  the  Interpreter  a few  basic 
tools  with  which  to  communicate  his  decisions  to  the  computer;  a 
keyboard  for  commands  and  Joystick  for  direct  specification  are 
probably  the  minimum  to  bo  provided.  Given  these  capabilities,  the  data 
base  can  be  built  directly  as  the  feature  Information  is  processed 
and  decisions  are  made.  Boundaries  separating  different  regions  can  be 
specified  directly  by  the  Interpreter  and,  while  the  humun  Is  analyzing 
the  next  problem  area,  the  computer  can  build  the  symbolic  data  base 
immediately  end  display  the  results.  Depending  upon  the  level  of 
sophistication  of  the  Interactive  software,  and  the  computer  and  dis- 
play complex,  tremendous  savings  of  resources  and  Improvements  in  effi- 
ciency and  quality  of  the  finished  product  are  visualized.  Given  an 
interactive  feature  extraction  system,  special  emphasis  could  be  built 
In  to  maximize  the  use  of  the  intelligence  data  normally  available 
from  which  to  define  the  geometry,  dielectric  properties,  and  elevation 
data  which  are  required  by  radar  image  simulation. 

7.1.3  Microwave  Reflectivity  Catalog 

The  key  component  In  tr.snsforml ng  the  data  base  Into  a radar  Image 
has  been  seen  to  be  the  parameter  o*,  i.e.  the  differential  backscatter- 
Ing  coefficient  for  a giver,  homogeneous  target.  In  the  best  of  all 
possible  worlds,  an  exhaustive  measurement  program  utliizing  an  airborne 
multifrequency,  mu  1 1 1 -pol ar I zat Ion,  cailbrated  radar  (scatterometer) 
could  be  built,  flown,  and  a°  versus  6 for  all  potential  category  targets 
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(in  all  states  I Le.,  moisture  conditions,  etc.)  could  ue  recorded. 

That  Is  about  as  realistic  as  building  a data  base  (that  works)  for 
the  world  by  strictly  manual  techniques;  In  other  words  It  is  an 
Impossible  task. 

A sound  program,  howrver,  can  be  envisioned  consisting  of  a com- 
prehensive literature  search  resulting  In  a library  catalog  of  pertinent 
data,  a limited  data  gathering  effort,  and,  most  Importantly,  development 
and  compilation  of  relevant  scattering  theory  for  use  In  extrapolating 
the  empirical  data  available  and  the  library  data  to  the  system  specifi- 
cations needed  In  a given  application.  At  the  present  time,  a very 
small  library  of  scattering  data  has  been  complied  at  RSL.  Searching 
the  literature  so  far  has  shown  that  significant  differences  In  absolute 
values  of  data  exist.  Only  a limited  number  of  different  polarizations 
and  frequency  data  are  available.  The  library  must  be  greatly  expanded. 

In  addition  to  Increasing  the  sheer  amount  of  library  data,  they 
must  be  verified.  This  can,  at  the  present  time,  be  most  easily  done 
using  simulation  of  a known  area  where  high  quality  Imagery  exists,  for 
example.  It  is  not  very  likely  that  o*  data  exists  for  garden  plots 
(or  Is  it  likely  that  It  will  ever  be  obtained).  However,  on  high  resolu- 
tion systems,  extensive  garden  plots  could  significantly  alter  the  Image 
and  should  be  accounted  for.  Intuition  suggests  that  the  vegetation 
would  have  a high  moisture  content  and  that  In  turn  suggests  using 
certain  agricultural  data.  The  exact  choice  can  be  verified  for  a given 
frequency,  polarization  combination,  and  theory  can  bo  used  to  extend 
the  results  to  other  combinations. 

It  Is  almost  impossible  to  obtain  the  necessary  calibrated  data 
from  radar  imagery.  The  angular  range  Is  Insufficient,  the  ground  truth 
necessary  Is  nonexistent,  at  least  to  the  degree  required,  and  there 
are  many  Imponderables  about  the  precise  behavior  of  the  imaging  sys- 
tem at  the  time  of  data  collection.  But  this  source  may  have  to  be 
tapped  to  fill  the  categories  sensed  only  In  Images.  The  present  source 
of  data  originates  from  calibrated  ground  based  systems  or  airborne 
scatterometers . 

The  ground  based  system  here  at  P.SL  (a  NASA  (National  Aeronautics 
and  Space  Administration)  system)  mentioned  earlier  In  this  report  Is 


(Jedlcated  to  civilian  reinoLe  sensing  and  accordingly  inoj>t  target  sig- 
natures are  Inappropriate  for  defense  programs.  Moreov.sr,  a ground 
based  system  simply  does  not  have  the  mobility  to  examine  the  wide 
class  of  targets  that  need  to  be  Investigated.  Existing  airborne 
systems  are  either  single  frequency  and  or  polarization  limited  ond 
would  not  really  be  appropriate.  In  summary,  a wideband  multipolarized 
airborne  calibrated  system  would  be  desirable.  This  system  could  most 
likely  be  built  up  by  subsystems  already  In  the  Defense  Department 
Inventory  and  flown  on  a suitable  aircraft.  The  data  gathered  In  this 
program  would  go  far  toward  supporting  the  simulation  efforts  In  gui- 
dance for  RPV s (Remctely-Pt loted  Vehicles).  With  Increased  knowledge 
of  the  target/sensor  Interaction,  there  should  be  at  least  an  order  of 
magnitude  Increase  In  the  application  of  Imaging  radar  systems,  them- 
selves, as  well  as  aiding  the  development  of  new  guidance  techniques. 

7.1.^  Advanced  Modeling!  Distributed  Targets 

The  point  scattering  methodias  mentioned  earlier) Is  the  Ideal 
method  to  treat  distributed  targets  for  medium  to  coarse  resolution 
Imaging  systems.  Cultural  features  would  seem  to  be  best  treated  by 
an  alternate  method  described  later. 

fine  resolution  systems  present  a different  problem.  A key 
Ingredient  of  the  PSM  Is  the  assumption  that  the  radar  resolution  cell 
can  be  described  by  the  statistical  mean  value  parameter,  a°,  the 
differential  scattering  cross-section.  This  assunipt Ion , In  turn,  means 
that  In  a given  resolution  cell,  there  will  be  a relatively  large 
number  of  scattering  centers.  The  number  depends  on  the  target  type. 

When  the  cell  becomes  small,  this  assumption  can  be  seen  to  be  in  question. 
Another  potential  problem  Is  that  the  cells,  themselves,  are  assumed  to 
be  Independent.  Again, for  small  cells, this  will  be  Invalid.  It  is 
not  hard  to  Imagine, for  example, that  the  roughness  of  one  cell  Is 
correlated  with  another.  These  and  similar  problems  arising  out  of  the 
small  cells  associated  with  fine  resolution  systems  merit  attention  and 
solution. 

The  assumption  of  resolution  cell  Independence  also  manifests 
Itself  In  another  area  that  requires  study;  to  wit,  the  antenna  problem. 

In  both  real  and  synthetic  aperture,the  actual  antenna  pattern  vitally 
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affects  the  quality  of  the  final  Image  In  a more  or  less  dramatic  manner. 
The  assumption  that  the  antenna  pattern  Is  constant  across  a resolution 
cell  has  been  seen  to  be  valid  to  a first  order  approximation.  In 
complex  Imaging  systems,  the  antenna  pattern  effect  should  be  Included 
In  the  model  of  the  processor,  especially,  pattern  degradations  due 
to  radome  pointing  errors,  etc.  Modeling  must  be  Improved  In  this  area. 

Closely  allied  to  this  problem  Is  that  of  more  accurately  modeling 
the  receiver  of  a real  system.  Such  effects  as  non  linearities,  AGC 
(Automatic  Gain  Control)  limiting,  etc.,  should  be  Included.  SAR  (Syn- 
thetic Aperture  Radar)  processors  present  a set  of  Interesting  problems 
In  themselves,  In  some  simulation  applications.  It  Is  required  to  actually 
produce  simulated  "video";  I.e.,  the  simulated  electronic  signal  that  the 
processor  uses  to  create  the  Image.  Models  to  date  lack  the  precision 
and  generality  of  the  point  scattering  method.  We  believe  that  SAR 
modeling  should  receive  a high  priority. 

7.1.5  Advanced  Modeling!  Cultural  Targets 

Earlier  In  this  report  the  area  spatial  filtering  method  (ASF)  for 
simulating  cultural  targets  was  described.  This  Is  a method  developed 
In  previous  years  and  Is  seen  to  do  an  excellent  lob  of  simulating 
cultural  targets  from  both  physical  models  and  high  resolution  air 
photographs.  This  filtering  model  needs  to  be  Investigated  to  determine 
Its  range  of  applicability.  Techniques  need  to  be  devised  to  combine 
the  area  spatial  filtering  radar  simulation  technique  with  the  point 
scattering  (digital)  method.  The  resulting  hybrid  radar  Image  simula- 
tion model  would  combine  the  optical  simulation  for  cultural  objects 
with  the  digital  simulation  for  distributed  objects.  Great  potential 
savings  In  time  and  resources  are  offered  by  this  hybrid  model,  in 
addition,  other  techniques  need  to  be  Investigated.  Development  of  a 
number  of  techniques  for  simulation  of  a paitl...ular  class  of  objects 
would  simplify  the  simulation  process  and  reduce  costs. 

Up  to  the  present  time  the  ASF  has  been  Implemented  on  an  optical 
computer.  Additional  degrees  of  freedom  end  more  flexibility  are  foreseen 
If  the  optical  simulation  technique  (area  spatial  filtering  method)  Is 
Implemented  on  the  digital  computer.  It  seen.s  roasonuble  to  anticipate 
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that  models  catj  be  construtLed  which  will  allow  this  simulation  technl" 
que  to  be  used  with  optical  photographs  for  more  than  just  specular 
targets^  These  models  are  envisioned  as  containing  the  necessary 
Information  to  convert  the  optical  reflectivity  densities  In  the  photo- 
graph Into  the  appropriate  microwave  reflectivity  densities.  Then, 
this  simulation  technique  (the  area  spatial  filtering  technique)  when 
Implemented  on  the  digital  computer  would  become  a viable  alternative 
to  the  point  scattering  simulation  method.  Some  distinct  advantages 
would  accrue  If  this  were  feasible.  First,  high  resolution  photographs 
would  become  basic  data  bases  which  automatically  contain  the  geometric 
relationships  of  the  various  objects.  Second,  the  cultural  features, 
with  their  proper  orientations, are  automatically  located  In  the  data 
bases  constructed  from  such  photographs.  In  addition.  Interactive 
(automated)  feature  extraction  techniques  could  be  employed  directly 
with  this  simulation  model  to  Impr'^e  the* overall  efficiency. 

At  the  very  least,  digital  filtering  techniques  would  provide 
control  over  the  features  which  are  retained  In  the  finished  product. 
Unlike  the  optical  implementation  which  blindly  filters  everything  In 
the  photograph  the  digital  filtering  approach  could  be  made  selec- 
tive. Then,  only  cultural  objects  would  be  simulated  end  we  would  not 
be  faced  with  the  problem  of  extracting  the  "true"  signal  from  the 
"false"  signal  plus  noise  as  we  are  now,  using  ootlcs. 

7.1.6  Temporal  (Seasonal)  Changes 

As  described  In  the  various  sections, the  parameter,  o" , the  differ- 
ential scattering  coeff ic lent, I s the  important  parameter  representing 
the  electromagnetic  target/sensor  Interaction.  It  Is  strongly 
Influenced  by  moisture  content  and  roughness  of  the  target.  In  fact, 
the  moisture  content  is  sometimes  more  Important  than  the  Intrinsic 
nature  of  the  target.  This  has  been  widely  known  for  some  time  yet 
Its  effect  on  simulated  Imagery  has  generally  been  Ignored  and  for 
certain  models  can't  be  Included.  In  fact,  temporal  changes  observed 
In  radar  imagery  constitute  the  motivation  for  using  radar  as  a monitoring 
reconnalsance  sensor,  1 , a surveillance  Instrument.  Turned  end  for 
end,  the  question  can  be  raised,  what  combination  of  frequency  and  po- 
larl aat Ion  would  give  the  least  noticeable  change?  It  is  clear  therefore, 
that  temporal  (short  tunn)  and  seasonal  (long  term)  changes  In  the  st.ite 
of  the  target  must  be  Investigated. 


The  !>easona1  and  temporal  changes  severely  affect  not  only  the  final 
greytone  In  the  Image  but  boundaries  as  well.  What  are  thought  to  be 
homogeneous  regions  will, In  fact, appear  as  several  divided  sub-regions 
with  well  defined  boundaries  separating  the  different  target  states. 

There  are  many  seasonal  effects  In  the  terrestrial  envelope;  these 
range  from  rainfall  and  flooding  to  snow  and  Ice,  from  bare  ground  to 
young  Immature  crops  to  old  mature  crops  to  harvested  crops,  from  dry 
soil  to  wet  soil,  from  bare  trees  to  leaved  trees,  from  frozen  ground 
to  thawed  ground  and  etc.  Data  exists  that  suggests  that  the  back- 
scatter  coefficient  Is  up  to  10  dB  higher  (most  of  the  dynamic  range 
available  In  some  systems)  for  spring  than  for  fall  deciduous  trees 
(probably  true  for  coniferous  to  some  extent).  These  data  suggest  that 
boundaries  between  deciduous  trues  and  conifer  trees,  or  meadows,  or 
agriculture,  will  fluctuate  according  to  the  season.  Ice  Is  another 
dramatic  case.  Water  bodies  always  appear  black  (specular  reflection) 
with  well  defined  boundaries  yet  Ice  appears  more  like  a normal  diffuse 
scatterer.  It  Is  easy  to  Imagine  the  changes  In  both  shore  line  and 
total  discerned  water  area  changing  as  Ice  forms, 

A reasonable  first  phase  would  be  to  produce  simulations  using 
known  data  add  obtain  both  qualitative  and  quantitative  measures  of  the 
magnitude  of  the  effects.  This  would  certainly  be  the  most  economical 
way  to  size  the  problem  since  large  scale  flight  programs  are  expen- 
sive and  are  at  the  mercy  of  finding  the  right  conditions  when  the  air- 
craft and  system  are  ready.  The  temporal  and  seasonal  effects  that  should 
be  studied  range  from  rainfall  (and  waterbody  size)  through  vegetation 
and  soil  moisture  variability  to  snow  studies.  As  related  studies 
described  In  this  section  progress,  the  seasonal  and  temporal  effects 
study  could  similarly  advance.  That  Is,  the  temporal  and  seasonal 
effects  should  be  factored  In  to  all  the  future  activities. 

7.1.7  Terminal  Studies  and  Future  Guidance  Systems 

In  Section  I4,  the  results  of  validating  a specialized  version  of 
a PPI  Imaging  radai  were  presented.  The  particular  system  Is  Intended 
to  provide  guidance  for  a remotely  piloted  vehicle  and,  hence.  Image 
simulation  Is  used  to  manufacture  the  reference  scenes  used  for  compari- 
son by  the  navigation  systems.  The  consistency  of  the  results  suggests 
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very  strongly  that  the  point  scattering  method  of  Image  simulation  can 
be  used  to  study  many  unknown  parameters  In  the  overall  system  and  there- 
by achieve  Increased  performance  In  guidance,  for  example,  many  of  the 
assumptions  made  and  the  differing  success  of  the  reference  scene 
variants  clearly  Indicate,  the  system  has  much  more  sensitivity  than 
previously  thought.  We  believe  that  this  Is  an  area  of  study  that  Is 
urgently  needed. 

The  Image  simulation  methodology  should  not  however,  be  thought  of 
as  only  providing  the  reference  scenes  or  systems  analysis.  Alternate 
methods  of  remote  guidance  can  now  be  proposed,  Investigated  and  reliably 
tested,  via  simulation,  prior  to  being  committed  to  a hardware  program. 
The  two  principle  methods  of  navigation  using  active  or  passive  sensors, 
profile  matching  and  area  correlation,  are  not  necessarily  the  optimum 
for  a given  application.  Alternate  schemes  (e.g.,  offset  aiming) 
should  be  examined  and  bench  tested  using  simulation. 

Returning  for  the  moment  to  the  terminal  guidance  system  we 
suggest  that  a possible  approach  to  Initiating  the  performance  studies 
would  be  to  systematically  degrade  In  a pairwise  fashion  the  range  and 
angular  resolution,  thus  defining  the  system  sensitivity  and  establishing 
an  Important  scene  specification.  Similarly,  the  spatial  resolution  and 
category  content  of  the  raw  data  base  should  be  similarly  varied  to 
establish  what  must  be  In  the  data  base  Itself  and,  by  Inference,  how 
It  can  be  made.  Many  other  activities  suggest  themselves  along  these 
same  lines,  but  this  brief  description  Is  Indicative  of  the  nature  of 
the  study. 

In  the  same  vein  (I.e.,  evaluating  system  performance  and  develop- 
ing sped ficat Ions), new  subsystems  should  be  subjected  to  rigorous 
testing  via  simulation.  Since  the  point  scattering  method  simulates 
Imagery  most  closely  resembling  real  date,  It  can  be  used  as  the  test 
Input  data.  For  example,  there  are  several  alternate  methods  for  corre- 
lating stored  reference  scenes  with  live  data.  Computer  real  1 7:at tons 
of  these  methods  could  be  tested  prior  to  hardware  Implementation. 
Hardware  Implementations  should  be  bench  tested  prior  to  flight  pro- 
grams. This  Is  not  to  say  that  this  has  not  been  done  In  the  past, 
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but  using  the  PSM  we  can  Include  real  scene  varlabll I ty,  pro- 
viding the  most  realistic  analysis  and  synthesis  to  date. 

7.1.8  Image  Quality  Measurements  for  General  Application 

The  quality  of  a simulated  radar  Image  or,  for  that  matter,  a real 
radar  Image,  to  suit  Its  intended  purpose  must  presently  be  assessed  by 
a human  being.  This  determination  of  quality  Is  very  subjective  and 
relies  on  the  judgments  of  different  people  who  have  different  bases 
of  experience  from  which  to  judge.  As  the  number  of  applications 
Increases  for  both  simulated  and  real  radar  Images  so  also  Increases 
the  necessity  to  use  more  objective  Image  quality  measurements.  Pre- 
sumably, these  objective  Image  quality  measurements  would  use  a digital 
computer  to  relate  the  data  of  the  visual  record  (recorded  in  the  Image) 
to  application.  Certain  statistical  properties  of  the  Image  should  be 
used  to  predict  the  usefulness  of  an  Image  to  satisfy  specific  objec- 
tives, Such  a set  of  measurement  criteria  do  not  presently  exist.  It 
Is  recommended  that  an  Investigation  be  conducted  to  define  such  a set 
of  Image  quality  measurement  parameters. 

This  set  of  Imago  quality  criteria  would  be  Invaluable  to  the  re- 
commended sensitivity  study  (below)#  In  fact,  a limited  study  of  the 
type  recommended  here  will  be  required  for  success  In  the  sensitivity 
study,  Moreover,  as  use  of  radar  Image  simulation  Increases,  necessity 
will  decree  that  these  criteria  be  Identified,  application  by  applica- 
tion. The  opportunity  exists  to  consolidate  these  Individual  efforts 
and  to  define  the  criteria  In  advance  of  specific  need.  Success  here 
will  make  It  easy  to  relate  the  value  of  radar  Image  simulation  to  each 
new  application  and  will  allow  different  agencies,  or  labs,  or  people, 
to  understand  how  a particular  Image  may  satisfy  their  needs, 

7 • I • 9 SensI tivl ty  Analysis 

The  utility  and  versatility  of  radar  Image  simulation  can  be 
Improved  and  the  cost  reduced  If  the  minimum  level  of  detail  required  to 
be  in  the  data  base  for  specific  applications  of  radar  linage  simulation 
can  be  determined.  As  previously  noted,  the  most  expensive  part  of  the 
radar  simulation  process  Is  the  building  of  the  digital  data  base.  If 
it  can  be  determined  that,  for  a specific  application,  the  level  of 
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detail  in  the  data  base  can  be  reduced,  this  translates  directly  Into 
savings  of  time  and  money.  It  is  recommended  that  such  an  analysis 
be  conducted  for  the  applications  of  radar  image  simulation  most  often 
used . 

7.1.10  Data  Compression  Techniques  * 

Vast  amounts  of  data  must  be  processed  for  all  but  trivial  appllca~ 
tions  of  radar  image  simulation.  As  piesently  structured,  data  bases 
consist  of  a point  In  a matrix,  at  least,  for  each  pixel  (picture  ele* 
ment)  in  the  final  simulated  radar  image.  This  means  that  'ost  data 
i'dses  for  operational  systems  are  exceptionally  large  and  even  the 
nxjst  trivial  Image  handling  Is  Inordinately  complex.  Simple  things 
such  as  rotations  of  data  bases  to  alter  the  Ick  direction  (flight  llncl 
are  tremendously  time  consuming  and  cxpenslvt..  It  Is  recommended  that 
both  techniques  for  data  compression  and  alternate  methods  for  infor- 
mation storage  and  retrieval  be  Investigated.  Investigation  of  data 
compression  techniques  which  might  be  viable  for  data  bases  for 
radar  Image  simulations  should  be  coupled  with  ser;s!tlvity  analyses. 

Alternate  methods  for  I formation  storage  and  retrieval  probably 
wi’l  require  the  assembly  of  a special  purpose  computer  and  memory 
device  designed  strictly  for  Image  processing  applications,  The  great 
potential  value  of  radar  Image  simulation  as  a useful  tool  seems  to 
araue  that  tills  investigation  needs  to  be  conducted. 

7.1.11  Theoretical  Models 

The  Increasing  applications  for  radar  image  simulation  require 
ever  larger  catalogues  of  backscatter  data.  All  radar  image  simulations 
must  use  some  model  for  the  reflectivity  properties  (backscatter)  of 
the  objects  In  the  scene.  These  data  are  required  by  the  simulation 
model  to  produce  the  greyscale  data  In  the  simulated  image.  It  Is  not 
reasonable  to  expect  to  measure  and  record  the  backscatter  data  for 
dll  possible  permutations  and  combinations  of  the  variables:  Frequency, 
polarization,  categories,  seasonal  changes,  and  etc.  Theoretical  models 
must  be  developed  to  extiud  and  extrapolate  the  measured  data  to  cases 
which  have  not  been  rneasurfcd.  This  Is  a real  need,  not  a whimsica. 
musing.  These  theoretical  models  will  form  an  Integral  part  of  rudar 
Image  simulation  as  applied  to  the  various  applications. 
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A specific  case  Illustrates  this  point  very  well.  Circular 
polarization  Is  desirable  from  several  points  of  view.  Yet  virtually 
no  circular  polarization  data  on  target/sensof  iriteractton  exists, 
thereby  making  prediction  (simulation)  a much  riskier  ventire  than 
need  he.  Moreover,  even  in  a most  ambitious  rpe3sur''ments  program  these 
data  would  not  be  available  for  some  time.  Therefcre,  a study  should 
be  undertaken  as  to  how  to  combine  tha  like  and  cross-polari zed  a" 
data  to  model  circularly  polarized  data  and  the  resiilr.b  compared  with 
the  very  limited  circular  data  available. 

Ihus,  the  recommendations  for  certain  'heoretical  studios  Is  seen 
;.c  be  a suggestion  for  small  specific  s ■.di*;-.  aimed  at  providing  solu- 
tions to  achieve  operational  status  of  a given  application  o*'  simula- 
tion rather  than  an  all  encompassing  unified  theory  of  scattering. 
7.1.12  Real  and  Nea;'  Real  Time  'j  I mu  1 at  I or;  Lprlat  I ng 

Both  Implicit  and  explicit  In  m.my  of  the  previous  recommendations 
was  ‘he  phenomenon  of  target  senfltlvltv  to  current  climatic  or  environ- 
mental state.  That  Is,  water  bodies  cotld  ch*inge  their  shape  signi- 
ficantly. The  microwave  reflectance  (’.s.,  bnckscattering,  could 
change  significantly  with  changing  moisture,  flooding  could  produce 
dramatic  changes  In  the  scene,  etc.  All  of  these  could  dramatically 
alter  the  rea’  -adar  Image  as  flown  and  potentially  could  prevent 
reliable  navigation  and  guidance  from  simulated  Imagery,  or  real  imagery 
collected  under  different  conditions.  The  degree  to  which  this  might 
happen  is  subject  to  the  particular  Imagine;  system  employed.  Many 
ot  these  guestlons  would  be  answered  in  the  seasonal/temporal  study 
recoirmended  earlier  in  this  section.  However,  It  is  now  apparent  that 
there  is  definitely  a temporal  problem,  only  the  degree  is  uncertain. 

Of  egual  importnnee.  Is  the  problem  associated  with  changes  in 
cultural  targets.  Buildings  may  be  constructed  or  razed,  Large  num- 
bers of  vehicles  may  be  moved.  A number  of  scenarios  can  be  hypothe- 
sized which  would  lead  to  dramatic  changes  In  the  radar  Image. 

A1 tei natively  we  can  look  at  these  problems  as  changes  in  the  date 
base  between  the  time  the  original  reference  scene  was  constructed  and 
the  time  of  flight.  The  guestlon  then  becomes  how  to  structure  the 
simulation  so  as  to  permit  updating  the  reference  scene  to  reflect 
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current  conditions  in  an  operational  mode,  and.  of  course,  in  a cost 
effective  manner.  The  potential  solutions  range  from  structuring  the 
original  data  base  in  a way  that  would  permit  easy  geometrical  as 
well  as  categorical  changes  and  re-simulation, to  a way  in  which  modifi- 
cations could  be  made  to  a previous  simulation.  We  recommend  that 
this  problem  receive  careful  consideration. 

7.1.13  Further  Development  of  Radar  Image  Simulation  Applications 

The  general  concept  of  radar  Image  simulationhos  been  developed. 
What  remains  Is  to  extend  the  general  concept  to  specific  applications. 
With  development  of  each  application  will  come  unique,  new,  problems 
which  must  be  solved.  These  problems  will  run  the  gamut  from  feature 
extraction  for  building  data  bases  to  Image  handling  problems. 

It  is  recommended  that  the  general  concept  be  developed  for  several 
specific  applications  the  problems  Identified  and  solved  and  the  value 
dotrirmlned,  Potential  applications  are:  Evaluation  of  stereo-radar 
techniques,  exploration  of  Interferometry,  the  effect  of  random  motion, 
the  evaluation  of  change  detection  systems,  etc.  In  short,  we  recommend 
that  applications  of  radar  Imaging  in  the  fields  of  reconnaissance  and 
guidance  be  evaluated  using  simulation  prior  to  building  hardware 
based  solely  on  mathematical  derivations. 

A specific  example  will  make  the  point  quite  clear.  Many  pro- 
posals for  obtaining  stereo  radar  Imagery  have  been  made  but  only  a 
few  have  been  Implemented.  A larger  number  of  computational  algorithms 
have  been  suggested  for  calculating  height  from  stereo  radar.  Using  the 
point  scattering  Image  simulation  method,  both  the  proposed  system  and 
computational  algorithms  could  be  readily  examined  and  quant  tatively 
evaluated . 

7.I.IA  Other  Sensor  Systems 

As  it  is  believed  that  the  trend  In  Intelligence  gathering  systems 
is  to  use  electro-'  leal  systems  which  are  an  aggregate  of  a number  of 
different  sensors,  It  is  recommended  that  the  concept  of  simulation  be 
extended  to  these  other  sensors.  Radar  is  Just  one  sensor  of  this 
aggregate.  Another  sensor,  for  example,  which  seems  to  have  groat 
potential  value  Is  the  FLIR  (Forward-Looking  Infra-Red).  Other  sensors 


also  exist.  These  sensors  need  to  be  modeled  and  the  underlying  phenomena 
investigated.  It  would  appear  that  transfer  functions  analogous  to  the 
famous  radar  equation  relating  the  various  aspects  of  sensor,  scene, 
and  medium  can  be  obtained.  Since  applications  for  these  sensors  are 
expected  to  Increase,  It  Is  recommended  that  these  Investigations  be 
conducted. 

7. 2 Short  Term  Goals 

In  the  past  year  we  have  had  the  opportunity  to  evaluate  the  problems, 
requirements,  and  obstacles  of  radar  Image  simulation.  As  we  believe 
our  radar  simulation  model  has  opened  the  door  for  present  and  future 
applications  of  radar  Image  simulation,  it  Is  increasingly  important  to 
start  the  work  to  solve  these  problems,  satisfy  the  requirements,  and 
overcome  the  obstacles.  A succinct  listing  f the  more  Important  (as 
we  order  them)  I terns  requiring  Immediate  attention  follows.  This  list- 
ing Is  ordered  Into  four  basic  categories:  (1)  Future  Terminal  Guidance 
Studios;  (2)  Data  Base  Construction;  (3)  Simulation  Probiens;  (^i)  Related 
(future)  Appl Icatlons. 

7.2.1  Terminal  Guidance  Studies 

For  the  moment,  let  us  consider  guidance  In  general  terms.  In  this 
new  era  of  military  defense  In  which  we  are  changing  our  "counterforce" 
strategy  from  the  bomber,  accurate  delivery  of  missile  projectiles 
is  Increasingly  Important.  The  tajk  of  delivering  an  explosive  projectile 
accurately  enough  to  destroy  an  Intended  target  becomes  crucial.  This 
task  has  three  basic  components:  (1)  Distinguish  the  target  from  its 
surroundings;  (2)  Determine  the  exact  position  of  the  target  relative 
to  the  launching  point  of  the  missile;  (3)  Guide  the  projectile  onto 
the  target.  It  is  this  question  of  guidance  which  is  of  Interest  here. 
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"Cnunterforce"  strategy  Is  defined  by  Tsipis  as  a nuclear-war  strategy 
that  relies  at  least  In  part  on  the  ability  to  destroy  the  land- 
based  offensive  missiles  of  the  U.S.S.R.  in  their  relnforced-con- 
crete  s Mos . 

sipis,  K. , "The  Accuracy  of  Strategic  Missiles,"  Scientific  American, 
volume  233,  no.  1,  July  1975. 
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The  lethality  of  a warhead  directed  against  a hardened  site  rises 

much  more  rapidly  with  improvements  in  accuracy  than  it  does  with 

increases  In  warhead  yield.  Hence,  It  Is  the  accuracy  of  delivery  of  the 
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projectile  that  Is  crucial  rather  than  Its  size  . The  problem  of  the 
accuracy  of  delivery  of  the  projectile  exists  no  matter  whether  the 
missile  Is  designed  for  tactical  or  strategic  missions.  In  fact,  the 
tactical  guidance  problem  Is  more  difficult  because  the  target  area  cannot 
usually  be  completely  specified  far  In  advance  of  need.  The  targets 
are  typically  mobile  whereas  strategic  targets  such  as  concrete  missile 
silos,  weapons  factories,  etc.,  are  Immobile.  Tills  difference  Is  a signi- 
ficant one.  It  means  there  will  be  less  time  to  obtain  and  use  guidance 
parameters  In  the  tactical  situation.  But,  this  Is  not  to  minimize  the 
strategic  guidance  problem.  Guidance  errors  accumulate  with  time.  The 
farther  away  a target  Is,  the  more  crucial  It  Is  to  be  able  to  program 
accurately  the  guidance  parameters. 

Two  basic  alternative  approaches  to  this  problem  are  presently 
being  developed  for  both  strategic  and  tactical  situations!  Ballistic 
and  cruise  missiles.  A ballistic  missile  Is  guided  for  the  first  few 
minutes  of  Its  flight  as  well  as,  perhaps,  for  the  terminal  phase 
whereas  a cruise  missile,  since  It  flies  at  subsonic  speeds  and  at  low 
altitudes,  requires  periodic  guidance  throughout  Its  flight.  In  both 
approaches,  ballistic  and  cruise,  for  both  tactical  and  strategic  situa- 
tions, radar  Image  simulation  offers  an  advanced  tool  to  Improve  the 
guidance  problem  and,  hence,  the  lethality  of  the  projectile:  It  offrrs 
both  terminal  guidance  for  ballistic  as  well  as  periodic  guidance  for 
cruise  missiles.  In  the  sections  that  follow,  we  will  discuss  the  appli- 
cation of  radar  Image  simulation  technology  and  related  studies  to  the 
problem  of  terminal  guidance  for  a tactical  ballistic  missile.  This 
emphasis  on  terminal  guidance  for  the  tactical  ballistic  missile  Is  a 
natural  focus  of  work  we  just  completed  and  reported  In  this  document 
(Section  k.)  and  Is  not  a reflection  of  limitations  of  either  our  radar 
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image  simulation  model  or  applications  of  the  model.  The  technology  is 
compatible  with  all  guidance  problems  and  applications.  This  should  be 
kept  in  mind  when  evaluating  the  various  recommended  studies  that  follow. 

These  are  not  the  only  guidance  problems  radar  image  simulation  can 
serve.  Another  very  Important  problem  Is  navigation  briefing  and  training 
for  fighter/bomber  sorties.  We  understand  that  present  radar  "simulator" 
equipment  uses  optical  photographic  techniques  to  mimic  the  radar  return 
from  the  terrain  over  which  the  fighter/bomber  Is  to  be  flown.  We  further 
understand  from  private  conversations  with  fighter  pilots  that  the  simulator 
products  are  not  used  for  most  missions.  Certainly,  research  Is  being 
conducted  into  ways  to  Improve  the  situation.  For  instance,  a possible 
long-term  solution  may  exist  In  completion  of  the  DRLMS  (Digital  Radar 
Land-Mass  Simulator)  work  of  DMA  (Defense  Mapping  Agency).  Also,  several 
military  agencies  and  commercial  companies  are  known  to  be  working  on  the 
problem.  Regardless,  we  believe  that  ultimate  solution  of  the  problem 
rests  with  accurate  application  of  radar  Image  simulation  techniques  and, 
further,  we  believe  we  can  make  a contribution  to  the  solution  of  the 
problem. 

These  are  the  most  obvious  guidance  applications  for  the  use  of  radar 
Image  simulation  which  come  to  mind.  In  the  following  sections  several 
studies  are  recommended  to  be  carried  out  which  seem  to  us  to  be  the  next 
logical  step  In  the  development  end  application  of  radar  image  simulation 
to  the  problem  of  guidance.  While  the  foregoing  discussion  has  been  very 
general  and  purposely  was  not  limited  to  the  mission  objectives  of  the 
Army,  the  studies  described  below  are  specifically  tailored  to  the  mission 
objectives  of  the  Army.  It  Is  easy  to  extrapolate  them  to  the  mission 
objectives  of  the  other  services. 
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7. 2. 1.1  Seasonal  Variations  i S 

Initial  work  and  results  are  reported  In  this  document  of  a study  . i 'M 

we  performed  on  a terminal  guidance  system  which  uses  the  Correlatron^  «!  ; 

. ! 

(Section  4.),  As  previously  noted,  this  study  was  conducted  ' " one  | ■!;] 

target  site,  one  radar  system,  and  one  set  of  flight  parameters.  It  1 | 

' 

was  also  noted  that  this  did  not  represent  exhaustive  testing,  but,  for  ] ; 

other  reasons,  the  reference  scene  generation  techniques  developed  here  '' 

were  believed  to  be  superlative.  Now  the  techniques  should  be  employed  to 

evaluate  the  concept  of  rmlnal  guidance  using  the  Correlatron  and  i 

other  devices,  both  analog  and  digital. 

. 

Many  aspects  of  this  guidance  concept  (I.e.,  area  correlation,  In 

: ' 

» J 

general)  have  been  unresolved.  One  of  the  most  Important  of  these  is  the  'i 

question  of  whether  or  not  the  guidance  system  consisting  of  both  the  i 

, 

• i ^ 

radar  and  correlation  device  Is  sensitive  to  either  seasonal  or  meteoro-  j 

logical  conditions,  We  are  unaware  of  any  exhaustive  study  Into  the  sen- 

v’. 

sitivlty  of  cross  correlation  between  an  Image  made  by  a particular  radar  J 

P 

system  and  a simulated  radar  Image  for  such  conditions.  However,  It  can 

5-  f 

be  shown  that  changes  of  the  season  and  meteorological  condition  can  have  1 

29  30  ’ 1 

a dramatic  effect  on  the  radar  return  and  on  the  Image  of  a particular  1 

f 1 
t ' 

radar.  The  sensitivity  of  the  Correlatron  guidance  system  to  such  changes  1 

needs  to  be  established.  The  answer  has  Important  ramifications  for  the  'm 

i.’ 

t 

reference  generation  technology  and  supporting  equipment  and  data  requirements.  I 

At  one  extreme,  a single  set  of  reference  scenes  will  suffice  to  produce  an  ac-  | 

i 

L;. 

ceptable  CEP  (Critical  Error ProbabI 1 1 ty)  for  all  seasonal  and  weather  changes.  1 

J- 

i-.. 

^ Klass,  PhMIp  J. , "Guidance  Device  Set  for  Pershing  Tests, "Aviation  J 
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At  the  other  extreme,  a new  set  of  reference  scenes  will  be  required  for 
every  change  greater  than  some  minimum.  Exactly  what  the  Correlatron 
requires  needs  to  be  established.  (Note:  Seasonal  and  meteorological 
effects  on  radar  are  a fact  of  life  which  must  be  Investigated  no  matter 
what  radar  guidance  technique  Is  proposed  and  are  not  limited  to  considera- 
tion only  for  the  Correlatron  system.) 

To  date,  only  two  sets  of  flight  data  have  been  collected  for  the 
target  site  for  which  we  produced  reference  scenes.  The  first  set  of 
flight  data  were  collected  In  October,  197S;  the  second  In  June,  1977> 

As  might  be  expected  since  this  is  a test  program,  changes  were  made  In 
thcPPI  (Plan-Pcsl t Ion  Indicator)  hardware  between  those  data  collection 
periods.  Unfortunately,  this  prevents  direct  comparison  between  those  data 
sets.  There  were  no  major  meteorological  differences  between  those  two 
periods;  they  both  represented  an  average  moisture  si  tuatlon  typical  of 
extended  high-pressure  systems  In  tho  area.  No  significant  rain  fell 
during  either  period.  The  only  significant  difference  Identified  between 
the  t^yo  periods  Is  the  vegetation  growth  season.  But  qiound  truth  ade- 
quate to  determine  the  soil  moisture  and  maturity  of  the  vegetation  was 
apparently  not  collected.  It  Is  known  that  during  both  periods  the  deciduous 
trees  present  In  the  target  site  were  fully  leaved.  They  were  beginning  to 
enter  their  fall  color  stage  during  the  October  data  collection  period,  but 
It  Is  unknown  what  percentage  of  the  area  had  begun  to  go  dormant.  Deci- 
duous forests  represent  a considerable  percentage  of  the  area  present  In  the 
target  site  (Pickwick  Landing  Dam).  It  should  be  noted  that  Ulably  has 
reported  a very  significant  difference  In  the  return  from  spring  and  fall 
deciduous  trees  . If  the  maturity  conditions  of  the  fall  forests  were 
known,  this  might  provide  Important  Information  concerning  the  question 
of  seasonal  Impact  on  the  correlation  guidance  system.  In  the  absence  of 
these  data.  It  Is  assumed  that  all  the  flight  data  collected  to  date  repre- 
sent only  a single  seasonal  and  meteorological  condition.  Thus,  It  Is 
reasonable  to  hypothesize  that  neither  the  guidance  technique,  nor  the 
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reference  scene  generation  technique  have  been  tested  In  an  operational 
mode  to  measure  sensitivity  to  seasonal  and  meteorological  change. 

We  understand  that  such  a test  Is  presently  proposed  to  be  conducted 
for  a test  site  In  the  vicinity  of  Watertown,  New  York,  during  either  the 
winter  of  1977/78  and  summer  of  1978,  or  the  summer  of  1978  and  the 
winter  of  1978/79.  Our  radar  Image  simulation  model  represents  an  Ideal 
tool  to  support  this  program.  Maximum  information  can  be  obtained  If 
the  work  at  the  Pickwick  site  Is  used  In  the  early  stages  while  the  Water- 
town  site  data  base  Is  being  constructed.  We  recommend  that  a two-part 
study  be  Implemented  In  support  of  the  seasonal  test  to  be  flown  at 
Watertown.  A possible  framework  for  this  study  might  be: 

A.  Pickwick  Site. 

Construct  a hypothetical  winter  ddta  base  from  the  existing  one. 
Produce  "winter"  reference  scenes  (simulated  radar  Images)  from  this 
hypothetical  winter  data  base.  Test  the  "winter"  reference  scenes 
on  the  Correlatiun  against  the  October  and  June  flight  data. 

Evaluate  the  results.  Positive  correlation  results  (acceptable 
correlation  within  a specified  CEP)  would  convey  Important  Information: 
The  sensitivity  of  the  Correlatron  guidance  system  to  seasonal  changes 
Is  less  than  feared.  Negative  results  (poor  correlation)  reinforce  the 
need  for  the  flight  test  program. 

B.  Watertown  Site. 

Construct,  at  least,  both  a summer  and  a winter  data  base 
representing  the  "average"  season  for  the  target  slte(s).  Produce 
reference  scenes  from  the  data  bases.  Test  each  reference  scene 
against  both  the  same  season  and  other  season  flight  data.  Evaluate 
the  results.  Devise  other  test  conditions  as  appropriate. 

7 . 2 . 1 . 2 Alternate  Approach  to  Model  Ground  Return 

As  previously  noted,  empirical  backscatter  data  (n")  have  been  used 
In  all  the  work  presented  In  this  document.  A study  needs  to  be  Initiated 
to  search  for  an  a I ternat  I ve  to  empi  r leal  to  mode  1 the  radar  return  from  the 
ground.  The  results  of  this  study  can  have  far-reaching  consequences  for 
the  viability  of  the  correlation  guidance  concept.  In  particular.  If  It 
Is  found  that  a combination  of  empirical  o“  data  with  a simple  theoretical 
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model  such  as  Clapp's  Is  adequate  for  a large  percentage  of  features 
In  the  terrestrial  envelope,  the  Implications  are  enormous. 

Ac  present^  a severe  weakness  in  the  correlation  guidance  concept 
Is  the  potential  requirement  to  measure  and  record  the  backscatter 
response  (at  a particular  frequency  and  polarization)  versus  angle  of 
Incidence  for  a very  large  number  of  categories  over  a wide  range  of 
seasonal  and  moisture  conditions.  The  sheer  size  of  this  Job  might  over- 
shadow the  value  of  the  correlation  guidance  concept.  However,  j_f  it 
were  only  necessary  to  know  the  o'*  value  for  one  point  on  the  curve  for 
many  categories,  the  task  of  obtaining  cr"  data  becomes  more  tractable. 

An  Investigation  should  be  started  to  determine  if  adequate  reference 
scenes  can  be  produced  given  only  a single  o"  point  for  each  category  and 
a simple  theoretical  modal  to  extend  and  extrapolate  that  point.  The 
existing  Pickwick  data  base  can  be  used  for  this  work  and,  as  other  data 
bases  are  constructed,  they  can  be  Included  In  the  study  thereby  in- 
creasing the  number  of  categories  which  are  tested.  The  study  might  be 
structured  to  evaluate  a number  of  simple  candidate  theoretical  models. 
Reference  scenes  could  be  formed  using  the  various  combinations  of  empi- 
rical 0°  data  and  theoretical  models.  These  reference  scenes  could  then 
be  tested  against  the  flight  data  on  the  Correlatron  or  a digital  implemen- 
tatlonoftlie  correlation  process.  Analysis  of  the  resui  t s wou  I d determine  If 

this  approach  Is  feasible.  If  It  Is.  this  concent  of  gu  I dance  wou  1 d be  g i ven  renewed 
V iabl 1 I ty . 

7.2. 1.3  Step-Wise  Resolution  Degradation  Study 

As  a result  of  the  terminal  guidance  work  reported  in  this  document 
(Section  A, ) the  question  can  be  raised  as  to  what  features  In  the  target 
reference  scene  are  essential,  anJ  to  what  resolution  must  these  fea- 
tures be  known.  Tills  question  ha^  serious  operational  ramifications. 

The  less  detail  required  to  be  included  In  a reference  scene  the  more 
desirable  In  an  opeiatlonal  sense  becomes  the  terminal  guidance  scheme 
built  around  the  correlation.  This  enhanced  desirability  would  come  from 
the  projected  relaxation  of  requirements  placed  on  the  Information  con- 
tent of  the  data  bases  which  must  be  constructed  ultimately  for  each 

Cosgriff,  R,  L. , W.  R.  Peake,  and  R.  C.  Taylor,  "Terrain  Scattering 
Properties  for  Sensor  System  Design  (Terrain  Handbook),"  Engineering 
Experiment  Station  Bulletin,  The.OhIo  State  University,  vol  , XXIX, 
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target  site.  This  means  that  as  requirements  are  relaxed  the  data 
bases  can  be  constructed  faster  and  easier.  In  ooerational  environ- 
ment speed  and  flexibility  might  make  the  di''’.^  tbtween  success 

and  failure.  In  fact,  It  can  be  hypothesl.ii'':  ',iat  a prime  consideration 
of  whether  or  not  correlation  terminal  guidance  systems  ever  become 
operational  would  be  the  ease  with  which  reference  scene  data  bases 
can  be  constructed,  maintained,  and  updated. 

Our  reference  scene  generation  model  and  computer  Implementation 
presents  an  Ideal  tool  with  which  to  perform  these  studies.  The  basic 
Idea  behind  the  studies  would  be  to  produce  a number  of  reference  scenes 
representing  step-wise  degradation  In  range  resolution,  or  azimuth 
resolution,  of  feature  Information  singly  or  In  combinations. 

Each  of  the  reference  scenes  would  then  be  correlated  against 
the  real  PPI  video  data  collected  from  the  same  target  site,  Thu  re- 
sults would  be  evaluated  and  appropriate  crlterUi  established  for  making 
reference  scenes  In  an  operational  environment. 

These  studies  could  be  performed  separatelv  as  a need  arose.  For 
instance,  range  and  azimuth  resolution  requirements  could  be  determined 
easily  for  the  existing  Pickwick  data  base.  Reference  scenes  could  be 
made  with  all  paraimeters  held  constant  except  either,  or  both,  range  or 
azimuth  resolution  which  would  be  step-wise  degraded  to  the  point  at 
which  the  desired  CEP  was  no  longer  attained  when  correlated  against 
the  flight  data.  At  this  point  the  data  base  could  be  changed  to 
represent  a new  level  of  feature  Information  and  reference  scenes 
having  variously  degraded  range  and  azimuth  resolutions  could  be  made. 
These  would  be  correlated,  results  evaluated,  and  another  feature 
level  change  In  the  data  base  made  until  the  desired  (or  optimal)  results 
were  obtained. 

7,2,\.k  Parameter  Optimization  Study 

The  Point  Scattering  radar  image  simulation  model  represents  an 
Ideal  tool  for  parameter  optimization  studies.  As  previously  noted,  the 
model  is  mathematically  rigorous  and  Is  a faithful  reproduction  of  the 
complete  Imaging  radar  closed  system  consisting  of  the  radar  transmitter/ 
receiver,  ground  and  electromagnetic  energy  Interaction,  and  Image  medium. 


This  means  that  wc  have  complete  control  over  the  Input/output  require- 
ments, relationships,  and  products.  As  this  modei  has  been  impiemented 
on  a hiqh-speed  dioital  computer,  it  can  be  changed  easily  to  repre- 
sent a different  operational  configuration.  Many  radar  parameters  and 
flight  and  target  conditions  can  be  evaluated  readily  without  the  costly 
necessity  to  fly,  or  build  and  fly  hardware  missions,  Since  this  Is  the 
case,  the  model  and  Its  capabilities  should  be  used  to  studu  some  of 
the  other  unresolved  terminal  guidance  questions  to  which  we  previously 
alluded.  The  following  listing  represents  some  of  the  more  Important 
parameters  which  might  be  analyzed.; 

A.  Polar  I zat lon/Frequency  Combination. 

Determine  the  optimum  transmitter  frequency  and  transmlt/rc- 
ceive  polarization  pair  to  maximize  the  probability  of  guidance 
within  the  CtP.  Presumably  this  task  would  start  with  the  premise 
of  what  features  It  was  desired  to  guide  on  (unambiguously  distin- 
guish) and  then  a test  would  be  structured  to  Identify  what  fre- 
quency/polar I zat  Ion  combination  would  best  separate  those  features 
while  at  the  same  time  blurring  the  distinction  between  ail  undes- 
irable changes  such  as  the  seasonal  changes  of  agriculture. 

B.  Antenna  Gain  Function. 

Determine  the  optimum  antenna  gain  function  to  enhance  the 
probability  of  guidance  within  the  required  CEP. 

C.  Resolution  Element  Size. 

Determine  the  optimum  antenna  azimuth  beamwidth  and  transmitter 
pulse  length  to  maximize  the  probability  of  detection  of  the  desired 
guidance  features  and  to  minimize  detection  of  ail  others. 

D.  Antenna  Scan  Format. 

Determine  the  optimum  antenna  scan  format. 

E.  Receiver  Detection  Scheme. 

Determine  the  optimum  receiver  detection  scheme  to  maximize 
the  probability  of  detection  of  the  desired  guidance  features. 

F.  AGC  Design. 

Determine  the  optimum  AGC  (Automatic  Gain  Control)  design  to 
maximize  detect  Ion  of desi red  features. 

Cl.  Guidance  Device. 

Evaluate  the  correlation  systems  and  determine  how  Improvements 
might  be  made  to  maximize  operation  for  the  desired  guidance  features. 


All  of  these  studies,  end  more,  could  and  should  be  performed  since 
a tool  such  as  radar  Image  simulation  Is  available.  There  are  several  ways 
In  which  these  studies  might  be  performed.  First,  they  might  be  conducted 
using  the  existing  software  Implementations  of  the  radar  Image  simulation 
model  and  the  Correlatron.  Alternatively,  our  radar  Image  simulation  model 
might  be  Implemented  on  ETL's  (Engineer  Topographic  Laboratories)  DIAL*  com- 
puter complex  thereby  taking  advantage  of  both  the  parallel  processing  power 
available  and  the  digital  Implementation  of  a model  of  the  Correlatron.  The 
second  alternative  Is  the  most  powerful  one.  The  first  alternative  Is  much 
slower  to  produce  results  due  to  the  vast  differences  In  computer  capabilities 
but  It  Is  Immediately  available.  No  matter  what  approach  Is  taken,  one  of 
these  or  a different  one,  If  guidance  by  area  correlation  Is  to  be  successful 
these  studies  must  be  performed. 

7. 2. I. 5 Evaluate  Guidance  Concepts 

Radar  Image  simulation  offers  a promist ng  approach  to  the  problem  of 
"pilotless*'  location  and  guidance  of  both  missiles  (ballistic  and  cruise) 
and  aircraft.  Radar  Image  simulation  offers  a powerful  tool  for  this 
problem  because  It  Is  highly  desirable  to  use  Imaging  radars  for  guidance 
(ot  least  In  conjunction  with  other  censors)  because  of  the  essentially 
all-weather  operational  capabilities  and  the  potential  for  high  accuracy 
provided  by  radar.  At  this  point  In  guidance  development,  no  single 
approach  has  been  shown  to  be  clearly  superior  to  all  others.  Many 
approaches  are  being  Investigated.  In  most  concepts,  terrain  data  are 
stored  In  "on-board"  menory  (film,  digital,  or  other)  and  location  Is 
estimated  through  a correlation  or  a map-matching  (terrain-matching) 

DIAL  Is  an  acronym  standing  for  Digital  Image  Analysis  Laboratory. 

This  laboratory  Is  an  exceptionally  powerful  computational  facility 
consisting  of  a Goodyear  STARAN,  CDC  b'lOO,  PDP  lI^lS's,  and  other, 
supporting  equipment  and  software. 
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process.  A study  needs  to  be  conducted  to  Identify  reasonable  guidance 
techniques  and  evaluate  their  merits  relative  to  the  task  of  guidance 
and  to  the  possibility  of  being  able  to  construct  operational  systems. 

Radar  Image  simulation  has  been  shown  In  the  terminal  guidance  work 
reported  In  this  document  to  be  capable  of  producing  reference  scenes 
for  correlation  with  flight  radar  Imagery  (using  the  Correlatron)  In 
which  very  accurate  guidance  is  accomplished.  This  Is  not  to  suggestt 
however,  that  the  guidance  concept  using  the  Correlatron  Is  optimal. 

Far  from  It  for  much  work  Is  yet  to  be  done  as  the  earlier  suggested 
studies  Indicate,  before  this  guidance  concept  Is  touted  as  the  optimal 
choice.  Nevertheless,  It  has  been  clearly  shown  that  radar  Imagery  and 
radar  Image  simulation  together  can  provide  a powerful  guidance  team. 

The  work  should  now  be  started  to  discover  how  best  to  make  effective 
use  of  these  capabilities  In  the  guidance  scenario. 

Among  the  candidate  guidance  techniques  which  might  use  radar 
Imagery  and  radar  Image  simulation  and  thus  should  be  evaluated  are 

7 

area  correlation  such  as  embodied  In  the  Correlatron  , prof  I le-matchl ng 

32  3 3 

as  li.  the  Tercom”^ , map-matching  using  a range-scan  radar  pattern 

recognition  based  upon  target  Image  tracklng^^,  and  other,  more  exotic 
techniques.  The  study  to  be  conducted  should  evaluate  each  technique 
relative  to  the  task  of  guidance,  to  supporting  Intelligence  and  equip- 
ment requl remcnts , to  seasonal  effects,  and  to  cost-effective  Implementa- 
tion. Since  this  Is  a large  task,  it  should  be  conducted  In  stages.  The 


^ Klass,  Philip  J.,  "Guidance  Device  Set  for  Pershing  Tests,"  Aviation 
Week  and  Space  Technology,  May  12,  1975. 
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James.  L.  T. , "Map-Matching  Estimation  of  Location  Using  Range 
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Moskowttz,  S.,  "Terminal  Guidance  by  Pattern  Recognition  - A New 
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pp.  25^-265,  December,  I96A. 
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first  stage  would  probaMy  consist  of  evaluating  area  correlation,  the 
Correlatron,  and  analogues  of  the  concept.  For  instance,  the  Correlatron, 
which  Is  an  analog  device,  and  a digital,  "computerized"  version  of  the 
Correlatron  might  be  separately  evaluated  and  then  compared.  At  the 
r.aine  time  other  electro-optical  approaches  might  be  considered  and  the 
optimal  choice  which  best  satisfies  the  criteria  miqhi;  he  selected. 
Subsequent  stages  would  depend,  for  the  most  part,  on  the  findings  of 
the  first  stage  as  well  as  the  guidance  needs  which  are,  or  arc  not 
satisfied  by  those  findings. 

7.2.  1.6  Fie. id  Reference  Scene  Update 

At  some  point  in  the  future,  area  Correlation  concept  of  guidance 
may  be  deployed  in  an  operational  situation.  To  support  that  potential 
operational  use  of  this  guidance  concept,  woi k needs  to  be  Initiated  to 
develop  the  technology  for  updating  in  the  field  on  very  shoit  notice 
the  data  bases  and  reference  scenes  of  various  target  sites.  The  point 
stressed  here  is  the  need  to  develop  technology  which  c.jn  be  employed 
by  military  personnel  while  maintaining  pre-conceived  standards  for  speed 
and  accuracy. 

Some  of  the  other  studies  suggested  here  are  vital  to  development 
of  the  technology.  In  particular,  studies  concerning  the  Impacts  of 
seasonal  changes  on  reference  scene  requirements,  level  of  feature  In- 
formation, range  and  azimuth  resolution,  and  ground  return  model  are 
vital. 

A study  should  be  initiated  to  determine  whot  intelligence  data 
requirements  and  equipment  will  be  necessary  for  field  updates  of  refer- 
ence sceries.  The  same  technology  would  be  required  to  support  mobile 
field  units  in  the  tactical  mission.  Upon  conclusion  of  this,  and  the 
other  studies,  specifications  could  be  written  which  set-out  the  require- 
ments for  mobile  field  units. 

It  Is  very  important  for  this  study  to  be  conducted  in  parallel 
with  the  other  studies  because  of  the  potential  for  feed-back.  It  Is 
easy  to  Imagine  that  hardware  limitations  will  be  encountered  because 
of  the  requirement  of  portability  for  field  use.  These  limitations  can 
be  factored  Into  the  other  studies  and  appropriate  adjustments  made  to 
evaluate  requirements  for  realizable  equipment.  Interaction  between 
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these  studies,  if  properly  coordinated,  can  have  far-reaching  consequences 
The  results  might  dictate  success  where  any  other  approach  Invites  failure 
7. 2. 1.7  Reference  Scene  Technology  Evaluation 

AS  Indicated  (Section  our  approach  and  reference  scene  genera- 

tion Mindel  was  successful.  Why? 

The  only  answer  available  today  Is  we  were  successful  because  we 
rigorously  modeled,  at  least,  the  first-order  (most  Important)  effects 
of  the  problem.  That  answer  Is  unsatisfactory  because  It  Is  not  defi- 
nitive. A study  needs  to  be  undertaken  to  determine  why  we  were  so 
successful.  This  question  has  Important  natural  consequences  for  the 
potential  operational  deployment  of  the  Correlatron  guidance  system. 

In  particular,  the  source  Intelligence  data,  the  data  base  construc- 
i.lon  and  Information  content,  the  ground  return  model,  the  Correlatron 
system  all  need  to  be  Investigated,  the  requirements  and  I nterelat lon- 
shlps  established,  and  the  sensitivity  of  the  system  to  various  per- 
turbations defined.  Results  of  this  study  will  go  a long  way  toward 
defining  what  features  the  system  guides  on  and  what  Information  level  needs 
to  be  Included  In  the  data  base. 

7-2. 1.8  Development  of  the  Area  Spatial  Filtering  Technique  for  PPI 

The  feasibility  of  the  area  spatial  filtering  techniques  for  radar 
Image  simulation  of  cultural  targets  has  been  established^.  Previously, 
a fixed  look-direction  (corresponding  to  a side-looking  radar)  was 
Implemented  optically  by  selective  filtering  with  a stationary  mask  In 
the  frequency  plane  of  the  coherent  processor.  More  recently  a method 
has  been  proposed  to  reproduce  the  effects  of  mechanical  rotation  or 
electronically  phased  array  scanning  of  a PPI  system  antenna.  The  resul- 
tant radar  simulations  should  properly  treat  cultural  targets  of  a scene 
as  though  they  were  being  Imaged  by  an  approaching  (oblique  or  orthogonal) 

PPI  radar.  However,  a theoretical  basis  for  the  PPI  simulation  concept 
using  the  ASF  approach  has  not  been  established,  nor  have  results  been 
produced  for  validation.  Just  as  the  area  spatial  filtering  methoa  for 
SLAR  cultural  feature  simulation  has  been  shown  to  be  a viable  alternative 
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to  digital  simulation  because  of  significant  savings  in  data  base  con- 
struction, the  ASF  (Area  Spatial  Filtering)  PPI  simulation  has  related 
advantages.  Using  aerial  photography  or  other  Image  data  as  the  micro- 
wave  reflectivity  map  for  cultural  targets  of  a scene  results  In  an 
attractive  savings  in  data  base  construction  and  simulation  computer  time. 

I,  , If  water  boundaries  and  cultural  targets  are  sufficient  for 
correlation,  an  Implementation  of  the  area  spatial  filtering  approach 
for  a PPI  radar  image  simulation  might  ultimately  lead  to  the  production 
of  reference  scenes  In  real  time. 

7.2,2  Data  Base  Studies 

The  ground  truth  data  base  is  a major  input  requirement  of  the  point 
scattering  radar  Image  Kimulatlon  computer  programs.  Since  the  radar 
simulation  model  has  been  Implemented  on  a digital  computer,  the  data 
base  must  be  In  digital  format.  The  data  base  can  be  considered  to  be 
a digital  model  of  the  physical  (geometric)  and  radar  return  (dielectric) 
properties  of  the  ground.  It  is  a digital  representation  of  the  differ- 
ent features  and  elevation  variations  of  the  terrain  present  in  the  target 
scene.  Typically,  this  data  base  consists  of  a digital  matrix  containing 
four  dimensions.  These  four  dimensions  are  the  range  and  azimuth  coor- 
dinates, elevation,  and  radar  backscatter  category  of  eech  point  on  the 
ground.  It  Is  this  matrix  upon  which  the  simulation  program  operates 
to  calculate  such  parameters  as  look- direct  ion,  range,  angle-of- i nci dence, 
shadow,  layover,  range  compression,  local  slope  of  the  terrain,  local 
ang le-of- i ncidencc , etc.  In  other  words,  the  ground  truth  data  base 
is  a crucial  part  of  the  point  scattering  radar  image,  simulation  model. 

Construction  of  the  ground  truth  data  base  is  a very  large  problem 
facing  radar  simulation.  This  is  especially  so  because  of  the  way  that 
data  bases  are  constructed.  They  are,  typical 1y,  built  using  manual 
techniques.  Once  the  source  intelligence  (photos,  maps,  etc.)  have  been 
obtained  for  a particular  site,  a photo- Interpreter  uses  these  imagery  and 
his  knowledge  and  Intuition  to  construct  a data  base  map  of  the  area. 

This  data  base  map  Is  usually  drawn  by  hand.  Major  features  may  be 
traced  or  transferred  from  the  source  Imagery,  Locations  of  minor  fea- 
tures and  subdivisions  are  usually  subjective  determinations  by  the 
photo- i nterproter.  The  name  most  often  applied  to  this  task  is  feature 
extraction.  Construction  of  this  hand-drawn  data  base  map  Is  a major 
effort  requiring  judgment,  accuracy,  and  knowledge  of  the  area  or  simi- 
lar areas. 
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When  this  hand-drawn  data  base  map  has  been  finished  it  represents 
a symbolic  radar  category  map  of  the  target  site.  For  use  on  the  digital 
computer,  this  line  drawing  must  be  digitized  and  constructed  into  a 
digital  matrix.  A large  table  digitizer  Is  typically  used  to  digitize  the 
boundaries  on  the  category  map.  A human  operator  traces  each  boundary 
with  the  cursor  of  the  digitizer  and  the  computer  attached  to  the  digi- 
tizer table  periodically  samples  and  records  the  position  of  the  cursor. 
After  digitization,  the  boundary  data  must  be  converted  Into  a digital 
motrix  and  elevation  data  must  be  obtained  and  added. 

Construction  of  data  bases  for  radar  Image  simulation  Is  a slow, 
time-consuming  process.  As  Is  evident,  most  of  the  work  is  performed 
by  humans.  The  techniques  used  are  generally  manual  ones.  What  is  needed 
Is  a way  to  Improve  and  speed-up  this  process.  Such  a way  Is  offered 
by  interactive  feature  extraction.  Interactive  feature  extraction  Is  a 
cooperative  approach  In  which  the  human  Is  used  to  make  decisions  and 
guide  the  processing  direction  of  the  software,  and  the  computer  is  ussd 
to  mani pul  ate  the  data  rapidly  and  easily  and  to  remove  the  drudge  from 
the  human.  Several  studies  are  recommended  to  be  performed  In  the  follow- 
ing sections. 

A companion  problem  to  rapid  construction  of  large  data  bases  is 
data  base  storage,  retrieval,  and  processing.  Studies  need  to  be  con- 
ducted to  solve  these  problems  to  facilitate  operational  deployment  of 
radar  image  simulation. 

7 . 2 . 2 . 1 Interactive  Feature  Extraction 

Preliminary  interactive  feature  extraction  studies  have  been  con- 
ducted and  reported  in  this  document  (Section  5.4).  Also  reported  is  an 
Initial  design  concept  of  'n  interactive  feature  extraction  system. 

Since  we  project  that  radar  image  simulation  will  find  more  operational 
military  uses  as  an  advanced  tool  for  guidance  and  discrimination,  we 
suggest  that  this  work  be  continued. 

These  Increased  military  applications  of  radar  Image  simulation 
will  almost  certainly  require  rapid  and  accurate  construction  of  data 
bases.  Even  though  the  term  "Interactive"  has  been  over-worked  in  the 
past,  construction  of  data  bases  for  radar  image  simulat ion  is  one  field 
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where  It  fits  like  a glove.  Interactive  feature  extraction  designed 
specifically  for  radar  simulation  draws  upon  the  strengths  of  both  man 
and  machine,  and,  with  proper  design,  should  produce  superior  results. 

Our  experience  with  all  facets  of  radar  image  simulation  should  improve 
the  probability  of  the  approach  suggested  here  being  successful.  An 
attempt  has  been  made  to  tune  a system  so  that  the  human  can  specify 
directly  from  the  source  Intelligence  imagery  to  the  final  digital 
data  base  matrix,  by-passing  all  the  intermediate  manual  steps.  Much 
work  remains  to  be  done,  but  given  the  premise  that  radar  Image  simu- 
lation Is  a potentially  worthwhile  operational  tool,  the  interactive 

feature  extraction  system  Is  a very  necessary  part. 

7. 2. 2. 2 Rapid  Data  Base  Update 

Besides  facilitating  feature  extraction  for  data  base  construction, 
an  Interactive  feature  extraction  system  would  prove  to  be  a very  useful 
tool  in  other  areas  of  radar  Image  simulation.  An  area  In  particular  that 
would  be  enhanced  by  the  Introduction  of  such  a system  is  the  periodic 
updating  of  existing  data  bases  to  reflect  changes  in  the  ground  scene. 

Such  updates  are  necessitated  hy  changes  In  the  ground  scene  due  to  such 
factors  as  seasonal  variations  (trees,  foliage,  and  crops  changing), 
meteorological  changes  (presence  or  absence  of  snow,  rain,  etc.),  aiid 
other  events  which  alter  the  ground  scene  sufficiently  to  affect  the  radar 
image.  In  many  applications  (especially  military  applications),  the 
capability  to  update  rapidly  radar  Image  data  bases  will  play  a vital  role. 
For  Instance,  if  the  radar  Image  simulation  Is  being  used  as  a reference 
scene  for  a terminal  guidance  device,  and  several  hours  before  use  the 
navigation  scene  is  covered  with  eight  Inches  of  snow,  the  data  base  and 
reference  scene  probably  must  be  updated  to  accurately  reflect  ground  con- 
ditions. In  such  a situation  where  the  radar  Image  simulation  is  being 
used  to  model  a dynamic  environment,  there  must  exist  a fast  method  to 
update  the  data  base.  Once  again,  the  interactive  feature  excractlon 
system  could  be  usied  effectively  to  solve  the  problem.  Using  the  system, 
an  operator  in  a short  time  could  easily  examine  the  data  base  and  alter 
It  to  match  the  s I tuat Ion  by  merg I ng,  expanding,  or  contracting  regions, 
changing  boundaries,  and  altering  the  categories  or  contents  of  the  data 
base. 
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We  recommend  that  a study  be  conducted  to  determine  the  special 
needs  of  the  rapid  update  problem.  These  special  requirements  should 
then  be  Incorporated  In  the  design  and  Implementation  of  an  Interactive 
feature  extraction  system.  Or,  alternatively,  a special  system  could  be 
designed  and  built  to  handle  just  the  problem  of  rapidly  updating  data 
bases.  This  special  system  would  be  almost  certainly  an  Interactive 
one. 

7. 2.2.3  Date  Compression  Techniques 

Host  data  bases  for  operational  systems  are  exceptionally  large  and 
even  the  most  trivial  Image  handling  Is  Inordinately  complex.  Simple 
things  such  as  rotations  of  data  bases  to  alter  the  look  direction  (flight 
line)  are  tremendously  time  consuming  and  expensive.  It  Is  recommended 
that  both  techniques  for  data  compression  and  alternate  methods  for 
information  storage  and  retrieval  be  Investigated.  Since  data  bases 
used  In  radar  Image  simulation  have  several  unique  features  and  since 
there  are  several  critical  llmitattoni  on  them,  techniques  of  data  handl- 
ing and  compress  Ion  for  more  general  Image  processing  are  not  necessarily 
optimal  and  may  not  be  applicable.  On  the  other  hand,  procedures  re- 
jected for  more  general  Image  data  bases  may  be  well  suited  when  aimed 
at  radar  simulation  data  bases  for  a specific  application. 

Alternate  methods  for  Information  storage  and  retrieval  probably 
will  require  the  assembly  of  a special  purpose  computer  and  memory 
device  designed  strictly  for  image  processing  applications.  The  great 
potential  value  of  radar  image  simulation  as  a useful  tool  seems  to 
argue  that  this  Investigation  needs  to  be  conducted. 

7 . 2 . 2 . 4 Source  Intelligence  Analysis 

A study  needs  to  be  conducted  to  determine  what  the  minimum  source 
Intelligence  requirements  are  to  construct  a radar  Image  simulation  data 
base  capable  of  satisfying  specific  mission  requirements.  It  has  been 
conjectured  (Section  S.3  3)  that  the  best  possible  data  base  could  be 
built  using  as  many  different  sources  of  input  Intelligence  data  as 
can  be  obtained.  Some  potential  sources  of  Input  data  are  optical  hlgh- 
resolutlon  aerial  photographs,  IR  (Infra-Red)  Imagery,  radar  Imagery, 
topographic  maps,  etc.  Realistic  limits  need  to  be  defined  for  this 
conjecture.  The  exact  requirements  need  to  be  defined  as  radar  systems 
and  applications  become  operational,  speed  and  accuracy  of  data  base 
construction  become  paramount. 
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This  study  might  be  conducted  In  parallel  with  a radar  data  base 
sensitivity  study  presently  In  progress.  The  two  studies  complement 
each  other  very  well;  they  both  seek  to  define  how  to  maximize  the  infor- 
mation content  of  a data  base. 

7.2.3  Simulation  Problems 

The  concept  of  radar  Image  simulation  has  been  developed  and  shown 
to  be  a viable  tool  for  a multitude  of  potential  applications.  Many 
areas  have  been  Identified  as  a result  of  the  work  reported  In  this 
document  which  require  additional  study.  With  significant  progress  In 
these  areas,  radar  Image  simulation  can  be  exploited  to  the  fullest 
extent  possible.  Without  significant  progress,  the  potential  number  of 
operational  applications  will  be  severely  limited,  The  following  broadly 
defined  areas  of  research  hold  the  long  range  key  to  the  future  of  radar 
Image  simulation.  The  following  general  areas  represent  the  natural 
focus  of  earlier  work  together  with  the  work  performed  and  reported  In 
this  document  and  extend  the  concepts. 

7 . 2 . 3 • I Comprehensive  Compilation  of  Backscatter  Data 

The  concept  of  radar  Image  simulation  has  been  shown  to  be  a 
valuable  tool  for  a multitude  of  potential  applications.  A major  obstacle 
must  be  overcome  before  the  promise  offered  by  radar  image  simulation  can 
be  realized.  This  obstacle  Is  the  necessity  to  have  backscatter  data 
avallal  for  much  of  the  terrestrial  envelope  at  many  microwave  fre- 
quencies and  polarizations.  In  fact,  this  same  obstacle  Is  a main 
reason  why  radar  Imagery  is  not  used  to  the  fullest  extent  possible. 

So  little  Is  presently  known  about  the  backscatter  properties  of  most 
objects  In  the  terrestrial  envelope  that  the  visual  record  of  a parameter, 
present  In  images  as  the  greytone  variation  (I.e.,  texture  and  tone),  Is 
not  properly  utilized  for  the  Information  It  contains.  With  more  certain 
knowledge  nf  the  backscatter  properties  of  objects  In  a scene  would  come 
a significant  Increase  In  Intelligence  gathered  from  each  Image.  A 
comprehensive  compilation  of  0°  versus  0 data  should  be  performed.  The 
result  of  this  effort  should  include  both  empirical  backscatter  data  and 
theoretical  models.  This  study  would  require  an  extensive  literature 
search  to  gather  all  available  empirical  data  and  theoretical  backscatter 


models.  The  theoretical  models  should  be  evaluated  to  determine  their 
applicability  to  the  radar  Image  simulation  problem  and  they  should  be 
, examined  to  determine  techniques  to  extend  and  extrapolate  available 

empirical  data  across  frequencies,  polarizations,  and  depression  angles. 

7. 2. 3. 2 Evaluate  "Optical"  Simulation  Technique 

' A radar  Image  simulation  model  called  the  Area  Spatial  Filtering 

(ASF)  method  has  been  developed  and  Is  presently  Implemented  on  an 
optical  computer^.  An  analytical  approach  to  the  problem  resulted  In 
a unique  descript  Ion  of  radar  Image  simulation  by  considering  the  image 
product,  radar  system,  and  ground  scene  to  be  a closed  system.  The  main 
difficulty  with  this  technique  Is  obtaining  a model  of  the  microwave 
reflectivity  density  for  the  objects  in  the  scene  to  be  simulated.  If 
we  assume  that  for  specular  reflection  the  reflectivity  density  Is  rela- 
tively Independent  of  the  wavelength,  then  a photograph  of  the  scene 
taken  at  optical  wavelengths  can  be  used  to  model  the  microwave  reflec- 
tivity density  for  cultural  targets  (specular  reflectors).  Given  this 
, assumption  about  specular  reflection,  the  ASF  model  handles  cultural 

targets  very  well  using  optical  photographs  for  the  reflectivity  densi- 
ties In  the  scene. 

I 

The  applicability  of  this  technique  to  cultural  features  should  be 
Investigated,  the  validity  of  such  simulations  established,  and  appro- 
priate simulations  of  the  cultural  features  in  the  data  bases  produced  of 
various  test  sites  for  comparison  or  combination  with  the  ordinary  digital 
simulations. 

7 . 2 . 3 . 3 Hybrid  Radar  Simulation  Study 

Simulating  the  microwave  return  from  cultural  objects  (houses,  streets, 
automobiles,  airplanes,  •?tc. ) by  dlgi'al  computer  via  the  point  scattering 
method  Is  extremely  inefficient  and  expensive  because  of  the  tremendous 
' requirements  of  the  simulation  model  for  detailed  geometric  and  dielectric 

ground  truth  data.  Just  the  manhours  of  time  alone  required  to  accurately 
specify  these  data  to  the  precision  required  Is  prohibitive.  Depending 
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upon  the  resolution  of  the  radar  which  is  being  simuiated  and  the  appli- 
cation for  which  the  image  is  being  made,  it  may  be  necessary  to  specify 
the  orientation  and  geometry  of  each  building  (Inciuding  dihedral 
corners,  elevation,  dielectric  properties,  and  etc.).  It  is  clear  that 
the  problem  can  rapidly  get  out  of  hand. 

A promising  alternate  simulation  technique  is  offered  by  the  area 
spatial  filtering  method^.  This  method  appears  to  be  vallfi  for  the  simulation 
of  cultural  objects  and  Is  orders  of  magnitude  faster  than  digital  techniques. 

The  optimum  method  for  simulating  a scene  consisting  of  both 
distributed  and  cultural  targets  would  combine  the  strengths  of  botti 
techniques,  digital  simulation  techniques  for  distributed  targets  and 
optical  simulation  for  cultural  targets.  This  marriage  of  the  two 
techniques  results  in  a hybrid  model  for  the  simulation  of  radar  Imagery 
which  Is  optimal  In  the  sense  of  maximizing  output  Information  while 
conserving  time  and  resources. 

A study  should  be  conducted  to  evaluate  the  feasibility  of  develop- 
ing this  hybrid  simulation  model.  An  analysis  shall  be  performed  to 
determine  the  potential  value  of  further  work  on  this  model. 

7.2.3.^  Evaluate  Digital  Filtering  Techniques  for  "Opt ical"  SImulat Ion 

The  area  spatial  filtering  radar  image  simulation  modei*^  has  been 
implemented  on  an  optical  computer.  This  simulation  model  appears  to 
be  valid  for  cultural  targets  (I.e.,  specular  reflectors).  If  this  Is 
true,  then  high  resolution  photographs  can  be  used  to  model  the  reflec- 
tivity densities  of  the  various  specular  reflectors  in  a scene.  However, 
a very  large  proportion  of  most  photographs  do  not  contain  specular 
reflectors.  Implementing  this  simulation  technique  on  the  optics 
bench,  therefore,  means  that  all  the  unwanted  features  In  the  s^sne 
will  receive  the  seme  processing  and  will,  thus,  become  "noise"  in 
the  output  sinulatlon.  An  alternative  approach  for  implementation  of 
the  technique  is  sought.  A p'^omislng  candidate  Is  digital  filtering 
techniques'^ . 
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The  benefits  to  be  reaped  from  such  an  Implementation  extend  to  all 
facets  of  radar  Image  simulation  work  and,  especially  to  the  future 
phases  of  the  terminal  guidance  work  reported  here.  We  recommend  that 
the  following  operational  computer  programs  be  developed  and  implemented 
on  the  DIAL  system; 

A.  SLAR  (Side-Looking  Airborne  Radar)  model; 

B.  PPI  (Plan-Position  Indicator)  model; 

C.  Terminal  guidance  reference  scene  model; 

D.  Interactive  feature  extraction. 

7.2.1*  Extending  the  Simulation  Frontiers 

The  point  scattering  radar  Image  simulation  model  and  Its  software 
Implementations  have  been  verified  In  the  work  reported  In  this  document. 

The  model  rigorously  treats  as  a closed  system  the  properties  of  the 
radar  system  being  modeled,  ground  scene,  and  Image  medium,  It  mathe- 
matically expresses  the  relationships  and  Interrelationships  between  these 
various  aspects  of  the  closed  system.  Implicit  In  this  model  are  all 
the  normal  radar  effects  such  a layover,  shadow,  range  compression,  etc. 
These  and  other  effects  depend  entirely  upon  the  software  Implementation 
for  accurate  realization.  As  the  results  show,  the  model,  Its  soft- 
ware Implementation,  the  ground  truth  data  bases  and  feature  extraction 
techniques,  and  the  use  of  empirical  o°  data  to  model  the  radar  return 
from  the  ground,  have  seen  the  science  of  radar  Image  simulation  make  the 
transition  with  this  work  from  an  Interesting  research  problem  to  at* 
engineering  tool  available  for  many  different  applications.  The  opportunity 
should  not  be  lost  to  extend  the  results  obtained  here  by  applying  our 
radar  simulation  model  to  solve  present  and  future  problems  as  they  occur. 

7. 2.^.1  Application  of  Simulation  Technology 

The  radar  Image  simulation  technology  developed  and  reported  In  this 
document  should  be  applied  to  some  specific  radar  systems  and  missions. 

In  addition  to  solving  some  operational  problems,  doing  this  will  docu- 
ment the  value  of  radar  Image  simulation  and  will  increase  the  demand  for 
sol ut Ion  of  the  other  problenis  presented  here.  In  this  way  the  advanced 
tool  of  radar  Image  simulation  will  be  utilized  to  solve  some  specific 
mission  problems  and  the  use  of  radar  Image  simulation  can  be  accelerated 
and  exploited  to  the  fullest  extent  possible, 
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A suggested  first  mission  to  which  radar  simulation  might  be  applied 
Is  change  detection.  A specific  radar  system  should  be  modeled  for  this 
task.  Basically,  the  concept  involves  the  use  of  radar  Image  simulation 
to  baseline  conditions  of  candidate  areas  In  two  different  ways. 

First,  subsequent  real  flight  Imagery  obtained  from  the  candidate 
areas  would  be  compared  to  the  baseline  Imagery  and  changes  noted.  The 
baseline  imagery  would,  of  course,  be  formed  from  a data  base  nf  the  area 
with  the  simulation  parameters  set-up  to  mimic  the  real  system  and  flight 
parameters.  This  would  be  done  so  that  frequency,  polarization,  radnr 
transfer  function,  altitude,  heading,  look-directions,  angles-of- Inci- 
dence, etc.,  would  be  Identical  between  the  flight  radar  Images  and 
baseline  simulated  Images.  Therefore,  to  the  extent  the  data  base  Is  a 
faithful  reproduction  of  the  target  area  at  the  desired  frequency,  pdlarl- 
zatlon,  and  resolution,  the  differences  existing  between  flight  and 
baseline  Images  are  the  changes  sought. 

The  second  approach  Involves  using  our  radar  simulation  technology 
to  al ter  pre-existing  actual  flight  radar  Imagery  of  an  Important  area 
to  the  conditions  existing  for  a later  set  of  Imagery  of  the  same  area 
because  It  might  have  been  taken  by  a different  system  (or  the  same) 
from  a different  altitude,  look-direction,  etc.  In  this  scheme,  actual 
flight  Imagery  Is  the  baseline  for  an  area.  The  simulation  technology 
would  be  used  to  change  the  basi'llne  Image  to  match  the  radar  system  and 
flight  parameters  of  the  subsequent  comparison  Imagery  obtained  for  the 
area  (or  vice  versa).  A data  base  would  .still  be  used  In  this  approach, 
but  the  real  Image  being  altered  would  contain  the  Information  which  murt 
be  preserved  and  faithfully  treated.  Since  radar  system  parameters  and 
flight  parameters  are  being  matched,  and  since  the  Information  in  the 
original  Image  Is  being  preserved  In  this  approach,  the  differences 
existing  between  the  baseline  and  subsequent  Imagery  are  the  changes 
sought. 

Note  that  the  technology  which  would  be  developed  In  this  second 
approach  has  several  other  potential  applications.  Basically,  this  approach 
Involves  developing  the  capability  to  change  a given  radar  image  of  a 
scene  Into  the  Image  which  would  have  been  recorded  by  a different  radar 
being  flown  on  a different  heading  and  at  a different  altitude  over  the 
same  scene.  This  can  be  seen  to  be  of  Interest  In  pre-misslon  briefings 
and  In  making  navigation  aids  for  guidance. 
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Some  additional  applications  to  which  the  point  scattering  radar 
Image  simulation  model  might  be  applied  a-e;  Evaluation  of  stereo- 
radar and  Interferometry  techniques  for  elevation  determination;  the 
effects  of  platform  Instabilities  and  pointing  errors  on  the  resultant 
Imagery,  evaluation  of  hardware  designs  or  specifications  to  determine 
potential  suitability  of  the  resultant  radar  system  to  satisfy  the  reconnais- 
sance or  guidance  mission  for  which  It  Is  being  built.  Many  other,  similar 
applications  can  be  listed  but  these  are  a representative  sampling  and 
adequately  demonstrate  the  diversity  of  potential  applications  of  radar 
simulation  to  the  mission  objectives  of  the  U.S.  Army. 

7. 2.1*. 2 Recelvei  Transfer  Function 

Rader  Image  simulation  should  be  used  to  evaluate  the  degradations 
Imposed  on  radar  Imagery  by  the  radar  receiver  and  Imaging  electronics. 

This  Information  1 s potential ly  Important  to  the  reconnaissance,  gui- 
dance, etc.,  missions.  It  Is  hypothesized  that  the  receiver  of  a par- 
ticular type  of  radar  system  degrades  Its  Imagery  In  a unique  I’ashlon 
with  different  systems  Imparting  different  degradations.  These  degra- 
dations may  be  highly  nonlinear  within  the  dynamic  range  of  a given 
scene.  Understanding  the  degradations  of  various  radar  systems  may 
Increase  the  I nterpretabi 1 1 ty  and  value  of  their  Image  products. 

The  receiver  systems,  Including  AGC  (Automatic  Gain  Control),  of 
several  radars  should  be  modeled  and  Implemented  In  our  simulation  com- 
puter programs.  Simulations  of  the  same  radar  data  base  and  flight  para- 
meters should  be  formed  using  one  of  the  receiver  models  per  image.  The 
simulated  radar  Images  of  the  chosen  data  base  should  then  be  evaluated 
and  compared.  The  Interpretabl 1 1 ty  of  each  simulated  Image  should  be 
assessed  and  differences  from  Image  to  Image  should  be  Identified.  These 
measures  should  then  be  correlated  with  the  receiver  electronics  and 
spatial  variation  of  the  features  In  the  scene  (this  Is  easy  since  the 
data  base  represents  a known  Input  spatial  variation).  The  results  should 
be  made  available  to  Image  Interpreters  and  radar  hardware  users  and 
designers  for  the  next  generations  of  designs. 

7.2.I4.3  Automatic  Gain  Control  (AGC)  Effects 

It  has  been  observed  that  AGC  produces  detectable  effects  In  radar 
Images,  These  effects  span  the  range  from  the  far-shore  brightening  to 
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other,  less  obvious  effects.  To  Increase  the  accuracy  of  simulation,  AGC 
effects  should  be  modeled  and  the  model  Implemented  in  our  radar  Image 
simulation  computer  programs. 

Various  alternative  AGC  concepts  could  be  analyzed  and  their  effects 
on  the  resultant  Imagery  should  be  catalogued.  Optimal  AGC  designs 
might  be  determined  for  each  specific  operational  use  of  radar  imagery. 

The  selection  being  made  to  maximize  detection  of  a particular  feature, 
or  to  minimize  the  perturbations  due  to  a particular  feature.  This  infor- 
mation could  then  be  called  upon  when  selecting  a radar  system,  or  design- 
ing a radar  system  for  a particular  mission.  It  would  also  be  valuable  to 
the  photo- I nterpreter  who  Is  using  the  Imagery  obtained  for  that  mission. 

7 . 2 . I* . 1*  Synthetic  Aperture  Radar  (SAR)  Image  Simulation  Model 

The  radar  Image  simulation  technology  developed  In  previous  work 
should  be  extended  to  medium  to  hi gh- resolut Ion  SAR  systems.  A study 
needs  to  he  initiated  to  develop  a SAR  simulation  model  based  upon  the 
point  scattering  approach.  The  various  SAR  phenomena  such  as  Doppler 
processing,  constant  azimuth  resolution,  coherent  signal  processing, 
etc.,  are  to  be  modeled  as  required. 

The  SAR  simulation  model  should  be  Implemented  on  the  digital  com- 
puter. A data  base  should  be  constructed  of  a particular  site  and  sim- 
ulated images  should  be  formed  to  validate  the  model. 

This  recommendation  Is  based  upon  apparent  trends  In  radar  systems 
development.  With  the  advent  of  micro-computers  and  LSI  (Large-Scale 
Integration),  digital  processing  of  SAR  data  Is  making  viable  operational 
uses  of  hi gh- resol ut Ion  SAR  sys terns . These  operational  uses  will  be  found 
Increasingly  In  both  reconnaissance  and  change-detection  missions.  There- 
fore, since  radar  Image  simulation  Is  a potentially  important  advanced 
tool  to  support  these  missions,  development  of  a SAR  simulation  model 
Is  deemed  necessary. 
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